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THE prefent publication is an outline 
of a courfe of Le6hircs on Chemiftry, 
dcliveredlby the Author, an4 is publifhed 
principally with the defign of facilitat- 
ing the ftiidy of the Science to thofc 
to whom thefe Ledures are addrefled. 

• Convinced that a mere enumeration 

of the fubjeds which the coxirfe includes, 

V would be very imperfedly adapted to that 

3? defign^ he has endeavoured, by a_ concife 

<v)ilatement of leading fads and principles, 

^to lender this abftrad of more general 
^utility> and to frame a work which may 

fcrve as an elementary introdudtion to 

CJhemiitry. With this view, h? has en- 
deavoured 
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^eavoured to render it every where iimple 
and perfpicuous ; and he trufts, that the 
fyftematic arrangement he has adopted, 
will be found calculated to exhibit to ad- 
vantage the elements of the fcience, 



Convinced alfo, that the principal ob- 
jeft of the teacher ought to be to . illuftr ate 
and eftablifh the general principles and 
moll important applications of the branch 
of knowledge of which he treats, he has 
allotted a comparatively large fhare of 
attention to thefe fubjeds ; an exfenfion 
of his plan, which requires lefs apology, 
as the theoretical part of chemillry is 
in general too briefly noticed in elemen- 
tary works. In conformity to the origin- 
al delign of this publication, he has alfo 
Hated the principal arguments on feveral 
important Chemical queftions, at prefent 
the fubjed of difpute, in the difcuflion of 
which he is obliged, in the courfe of his 
ledures, to engage. It may be neceflary 
for him to remark, with refpeijl to the 

opinions 
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opinions he may have offered oii thefe and 
fome other fubjeds, that, as in this ab- 
llra<3: they muft be very concifely ftated^ 
they may appear to lefs advantage than 
when accompanied by thofe illuftrations 
and collateral arguments which contri- 
bute to their fupport. For this unavoid- 
able imperfedion, candid criticifm will 
make due allowance, — In the difcuJiion 
of one of the .moft important of thefe 
queftions, that refpeding the nature of 
radiant caloric and the heating power 
of folar light, he is flattered to find, that 
the conclufions which he has deduced from 
the valuable experiments of Dr. Herfchel 
in the 2d part of the Philofophical 
Traafadions for the prefent year, are 
the fame as thofe which the Dodor has 
eflabliihed in the fequel to his papers, in 
the 3d part of the fame volume, publifhed 
while the lad flieet of this volume was in 
the prefs. Thefe conclufions are, that radi- 
ant caloric is entirely different from light, 

and that vifible light has no heating 

power ; 
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power ; and the fame opinions^ fupported 
by arguments fomewhat diflferent, were 
delivered by the Author in his lafl courfe 
of Lcduritjs, and arc briefly ftated in this 
treatife. 

It is perhaps fcarcely neceflary to add^ 
that every care has been taken to com- 
^rife in thefe Outlines the moft recent 
chemical difcoveries, and, on every fub^ 
je<9:, to relate the fa<5ls with that accuracy 
which is indifpenfible to give value to 
an elementary work. 
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INTRODUCTION. 



Chemistry is the principal branch of that 
department oi" Phy Seal Scieilcc which ioveftigates 
the adions exerted between the minute parti- 
cles of matter* Befides the general tendency 
which bodies, even in the largcft maflcs, and at. 
the great eft diftances, have to approach, until, 
they come into apparent contact, the exertion of 
which gives rife to all thofe fenfible nlotions 
that compofe fo important a part of the econo- 
my of the univerfe ; there exifts a fimilar powet 
of attraftion between the minute ultimate parti- 
cles of matter, which tends to bring them into 
intimate union. , This power exerted between 
the particles of heterogeneous bodies^ is termed 
Chemical Attraftion, or Affinity. From its exer- 
tion, different bodiesi, plaqed under certain cir- 
cumflances, adlupon each other, fo^as to form fub- 

flances diftinguifhed by the poffcl^on.of new 

B properties; 
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' properties ; and the inveliigation of Aich aflioiM 
conftitutes by far the moft extenfive and im« 
portant part of the Science of Chemiftry. , 

There is another power, that of l^eat, or Ca- 
loric, likewife exerted between the minute par- 
ticles of matter; which tends not to unite 
them, but to place them at greater diitances 
fr($m each other. It expands bodies, rendets 
them fluid, or conv,ert$ them into vapour ; and 
' it always modifies, by its aftion, the exertion of 
chemical attradion. Its properties, therefore, 
the efie£b it produces, and the laws by which 
it ads, are fubjeds of chemical inveftigation. 

Such is the nature of Chemical Science. It 
inveftigafes the changes arifingfrom thefe two 
powers. Chemical Attradion and Caloric ; and 
determines the laws by which thefe changes 
are regulated. "^ 

Chemical Attradion, the firfl of thefe powers, 
is clearly diilinguiihed, by its mode of operation, 
from the other fpecies of attradion with which 
matter is endowed. The Attradion of Gravita- 
tion is exerted between large mafles of matter, 
and at the greateft distances : the phenomena it 

produces 
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produces arife merely from changes of place in 
the bodies , operated on^ and are accompanied by 
no change of, properties, nor any ]^rmanent \i* 
nion. The Attradlicm of Coheiion, or Aggrega* 
tkm, ts. exerted between particles of the fame 
kind of matter, and forms aggregates poflelfed 
merely of the propertiec of the particles of which 
they are compofed.. Chemical Attra£tion is ne* 
ceffarily exerted between the particles of differ^ 
fat kinds of acuitter: ia order to its being ex-, 
erted, thefe particles mull be nearly in tontadl ; 
they are fo intimately united as to form a homo- 
geneous mafs, indeftru^ble by mechanical means ; 
and properties mtore or lefs new are always ac« 
quired. It is to chemical union that the vaft 
variety of fubftances exifting in nature owe their 
origin, as they are , all formed from the c^mbma^ 
tionis of a &w finiple principles. 



The fimpleft cafe of the eiertion of chem- 
ical attra(!%ion, is that where two bodies, placed 
in contaft with each others form a drieft 
unions In chemical language, this is termed 
Combination : the fubftance produced a com- 
pound ; and the bodies from which it has been 
fimned, its conftituent principleis, or component 
part& Tk^ffi ase retaiaed ia uaim, by a force 

of 
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of attraftion, which in different bodies is very 
diflfcrent ; but which is alway §^ (iich, that the 
campound rcfifts any mechanical force cm- 
ployed to dKunite its principles ; and can be de- 
compofed only by the exertion of a fuperior 
chemical power. The properties of a compound 
arc in general very different from thofe of the 
component parts. 

Chemical Union may be illuftratcd by rfw 
following example : If a quantity of any fub- " 
ftance, not foluble in water, or very fparingly fb, 
fuppofe it to be the earth termed Magnefia, be 
diffufed in a portion of that fluid, a white turbid 

w 

mixture is formed, which, upon (landing fuffici^ 
ently long at reft, deports a powder ; the fluid 
above remaining tranfparent. In this cafe^ no 
chemical adion has taken place ; the magnefia 
and the water have been merely mechanically 
mixed, but have not combined, fince on ftandirig 
they feparate, each obeying its fpccific gravity. 

But fuppofe that to the mixture of Magnefia 
and water, a fmall quantity of another fluid, term*- 
ed Nitric acid, be added, a change very quickly 
appears. The tUrbid mixture becomes tranfpar- 
ent, and t\^ properties of the add, and of the 

magnefia, 
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Wflgnefia, am entirely bft by their entering into 
chemical union. 

It is this intimate iinidn, this formation oC it 

< 

new kind of matter, in which the particlei of the 
former fubilances can no longer be diftinguiih« 
ed, and in which new properties are acquired, 
that chainaderizes chemical combination. 

When a compound is formed, if left to itfelf, 
it remans unchanged, its principles barring no 
tendency to feparate. But if it is placed under 
certain circumftance^, in conta<5t with another 
body which has an at^adion to one of its comr 
ponent parts, fuperior to the attradion by which 
thefe ^re united, the two between ;«rhich the at- 

> r 

tradtion is ftrongeft combine, and the other is 
feparated. Thus, if to the above compound rf 
Magnefia and Nitric acid, the.fubftance termed 
Potafh is added, it copibines with the Nitric a<- 
cid, and the Magnefia is depofited with its pro- 
perties unchanged. In the language of Che- 
miflry this is termed Decompolition, and it is as 
extenfire in its agency as Combination. 

In many cafes, both of Combination and De* 
compQfition^ chemical adion is rendered itill more 

ftrikin^ 
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finking, by . the pheBomena which it exhibits 
while it is taking place ; as by the produdiion of 
heat or light, by the extrication of air, or by 
change of cobur, of form, or of other proper- 
tie$ in the bodies combi&ed. ^ 

The great objeAs of cbeihical refearch are to 
trace the various combinations exifting in nature, 
and thofe capable of being effeded by art. In 
thefe invefligations, the Chemiftt l^oceeding 
through innumerable decompofitions, ultimately 
arrives at a few bodies, which he is unable far« 
ther to decompofe, or to refolve into two or 
more component parts^ fo as to afcertain that they 
are compounds^ Thefe therefore he confiders as 
Simple Subftances, or Elements, which, by their 
various combinations, form every other kind of 
matter that can be produced. H6 traces them 
through all their combinations, obferves the phe- 
nomena by which thefe are accompanied, the 
laws according to which they are produced, the 
properties; of the compounds which are formed, 
and the farther combinations into which thefe 
compounds are capable of. entering. To fuch 
invefligations, which form the principal part of 
Chemical Science, we are indebted for our know-^ 
ledge of many of the phenomena of mature, and 

the 
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the eftabliihmeiit and iin^toTement df m^ny d£ 
the arts. - 

The other depftrtiiient of Chemiftrj is diat 
wluch relates to the properties and iXK>de$ of ac« 
tion of Caloric. It of courfe comprehends the 
Coniidetation of elpanfi(Hi, fluidity, and vaporif* 
ation ; of the manner in which Caloric is trailC 
xnitted through bodies ; of the quantities of it 
whitb they contain ; of its extrication and ab- 
forption ; and of its influence on the exertion of 
ehemical atrradiom 

The AFPLibATioKs of Chemiftry, and its Coa^ 
ne£iions with the other Sciences, are extend ve 
and important ; many of the phenomena which 
Bature prefents to our obfervation, arifing from 
the chemical adions of various fubftances on each 
other, and many of the arts being nothing more 
than a feries of chemical proceflfes. 

Thus, in Ae general economy of natuire, the 
teniperature of the globe, and the caufes of its 
variatioa ; the evaporation of water ; the forma* 
tion of clouds, rain, dew, fnow ; the appearance 
of meteors, and other changes produced in the 
atmofphere ; the corruption and amelioration of 
W the 
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the. air; the temperature and impregnations of 
fprings ; the formation of minerals ; the difpofi* 
tion of the ftrata of the earth ; thefe are, more or 
leis, the refult of chemical adtion, and are there- 
fore to he explained on chemical principles. 

. To natural hiftory, Chemiftry lends the moft 
eflential ^d. It in particular enables the IVKner- 
alogiit to diflinguifh and arrange thofe produc« 
tions of nature which it is the object of his 
fcience to inveftigate, 

in the animated world, chemical influence is 

* 

not lefs perceptihle« It explains the growth and. 
nutrition of organifed beings, and the formation 
of all their produdi j and is often able to point 
out the caufes of thofe derangements which their 
fundions fufier from external agents. Hence the 
intimate connedions which Chemiftry has with 
medicine, and with animal and regetable Phyfio-* 
logy. 

Pharmacy is merely a branch of this fcience } 
its objed being the preparation of fubftances em- 
ployed as remedies, and thefe being in general 
the refults of chemical procefles* 

With 



HfMi tike Acts, Ghenultrf « net Idb eatcA- 
firely conneded than with the Sckncea*. IXth^ 
rent fubftances ad upon each other i^hen placed 
ill cetfaini cir^unft^nces, (o9»t& ptcAtuct certain 
efledSy i^hich^ "vrere tfadSi curciamftances notaU 
tended €&, wetdd not take pldco* Th&arfaQg#- 
mefit, and managisffiefit^ in panicubr cafes, i£ 
fiidi drcwnftances^ lb as to pisodiice thele efie^ 
ecoflitttte Itie various chemical ajts«^ 



Agi^Ky^me^ the ilrft of the aits, is ootfaing 
more than the juft application of the principles of 
Wgetable pbyQc^^i fo ^ to obtain, at the leait 
expenceji the ftupgs^ produce from \xfe^i|daats» 
Gh^ifiiftry explaixis tile growth and nutrition i^ 
Wgetable^y difcorers the modes of a£^on of mo^ 
msres, teaches thm p^per appMcation, and ^££« 
covers the nature of any foiL 

Ifr the ^plictt^ of the prodi^b of AgrkuU 
toi^, the infeience of this Science i^ SM to be 
tcaoedl The arts ^ making bread, of brewk^, 
af diftilMng, of inaking ^rch, fugaff « viiiegar, of 
VttFi^fh-^naking, of bleaching, and of dyeing, arc^ 
ftriiSlly fpeaking, nothing mcire than chemicfl^ 
fC(M^^e^. Such ^fo mt thofe aitsi^cb^pply 
to u&ful purpofes the produds of the ammal 

C kingd<»n, 
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]cing4om ; as tanning, making of ibap, of glue» 
and man^ others., . . y 

Metallurgy, or the art of extrafting the me- 
tals from their ores, that of purifying, of forg- 
ing, and : of cafting them; that of making mer 
tallic alloys, or metallic compounds for painting 
and dyeing, the procefles of glafs- making and 
enamelling, and the fabrication of pottery and 
porcelain, are likewife arts the principles of which 
are immediately dependent on Chemical Science. 

I,aftly, various applications to purpofes of uti- 
lity are likewiiCb made of the eflfe&s attending 
chemical action ; as of the expanfive force of 
fteam in the fleam engine^ or that of the airs 
which are difengaged in the detonation of gun- 
powder. 

\p. arranging this vaft body of knowledge, 
either diredlly chemical or connefted with 
Chemiftry, various plans have been followed. 
/ , Thefe may in general be reduced to two kinds j 
one, in which the arrangement is founded on th^ 
phyfical and chemical properties of bodies ; the o- 
ther in which their chemical compofition only is 
regarded. 

Of 
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Of the firfi kind is the old divifion of' the che-- 
mical agents/ into Salts, Earths, Inflammables, 
Metals j and Waters; each 6f'th^efc clafles con- 
tainirtg U number of fabftanccs, diftingtiiftied by 
theipoffefflon of fome comm6n j^rop^rties, and be- 
ing fubdivided Infto ordierl^ and genera, in whick 
the fame principle of aFrangeriient is obfeitved. . 

It requires no minute inveftig&tipn to diibover 
the imperfeifliohs of this method} <for9 sis th^ 
principal -objed of chemical inyeftigation is to 
difcover the compofition pf bodies, and their 
combinations with each other, it is evident that 
any arrangement in which the compofition is 
difregarded, muft be imperfectly calculated to 
facilitate the iludy of the Science, Simple and 
Compound fubftances will be placed in the fame 
q\s£^ : in whatever order the clafles be diftribut« 
ed, compounds will frequently fall to be con- 
fidered before the fimple bodies of which they 
are formed, by which every advantage of arrange- 
ment is loil : and, laftly, feveral ot the moil im« 
> •• . 

portant chemical agents are ifolated in theif pro« 
perties, and cannot with propriety be brought un- 
der any of the eft^liflied clafles^ 

In th^t arrangement founded folely on the 

chexmcai 
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chemieid i;iature or compofitioa of bodies, t^efe 
difad vantages are aroided The Simp^Ie g^}^. 
fiances ar^ &rik cpnildeied, ^d afterwards tlv 
Clompouitids which they forp : and thcfe maj be {p 
arraAgpdt il^t, on the one hgnd, anticipditkm ihaU 
t^ be neeeflmy ; and on th^ other, ev&fy Ai^ 
ftance may be fully deficribed. 

On this plim is founded the •itwgenent 
vrfbicb is to be obi^ed in this work* 



CHAI^- 
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APPARATUS. 



TiiE gfeat obje^ of Chemical mvefBgatlon is to 
iifboyier the oampofition of Bodies. Tbk is tif?^ 
&6ted, eitlier bj decompofi»s^ tbem hsto two ot 
more conftituent principles, or by forming tfaem 
froirj the combination of certain fubftanecs. The 
firmer procefi is in chemical knguage termed 
Ajoaljfis ; the latter, Sjnthefis : and under thefb 
«ie eomi»fel»iided the greater part of the ibpera^ 
tbns of Chemiftrjr. 



\ 

iUiaiyfis. ^vbidi, from this definition of it, b 

merely fynonymous with l>ecom|>o6tion, is eSe<9>i 

ed either by the agency of Caloric, or by Jtbe e]c« 

ertion of a fuperior Affinity. 

It fis^utntly tAppoxa tlmi when a coonpoand 
I ia ^xp^fi^ to ^ hi^ ten^nitm:e, the force of at* 

traction, 
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traftion exifting between its principles is weak* 
cncd, and they feparatc; and one of them, be- 
ing in general more volatile than the other, is 
expelled. 

In other cafes, a compound is not decompofed 
by the moft intenfe heat r but if it ht mixed with 
foroe other chemical agent, and placed under cir^ 
cumftances favourable to the eiertion of chemi- 
cal attradion, the fubftance mixed with it may 
combine with one of its component parts, when 
of courfe the -compound wiU be (tecompofed, and 
from the produfts, its conftituent principles may 
be afcertained. 

Thefc are cafes of Simpie Analjrfis; others 
more complicated are thofe, in which two com«i 
pounds are mixed together, and a complete ex-< 
change of their principles takes place ; or ia 
which a compound confifting of- feveral princi- 
ples is expofed to a high temperature, by which 
its principles are feparated, but, inilead of paffing 
off pure, they enter into new combinatiom with 
each other. 

When analyfis has been accompliihed, the 
principles which hare been leparated may fre^ 

quently 
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quently be again combined, fo as to form the bo- 
dy that was decompofed. This is termed Syn* 
thefis, and it is always the fureft proof of the ac- 
curacy of the Analyfis. 

As the exertion of Chemicsil AttraAion is 
much influenced by various caufes, -^ th6 tempe- 
rature of bodies, their date of aggregation, Se-c s 
certain artificial arrangements of circumftances 
are generally requifite^ in order that combinations, 
or decompofitions, may take place.. Similar ar- 
rangements are neceflary to coUe<3: the produds 
of thefe adions. Thefe conAitute the Operations 
of Chemiftry, 

The circumftance moil requifite to the exer- 
tion of Chemical Attradion is the minute divi«- 
lion of bodies, or the diminution of that force of 
cohefion, by which the tendency to combination 
is countera£ted. Several prehminary operation^ 
are had recourfe to with this view, — ^as Pulverifa- 
tion, in which the body is reduced to powder by 
beating; Trituration, . where the iame eflfed: is 
produced by rubbing; and Levigation, where the 
powder is reduced to a greater fineneis by long 
continued rubbing with a fmall quantity of wa« 
ter, or any other fluid which is not capable of 

diflblving 
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dUTdNring it The& €^>enitiofis afe pefforttiad tn 
ftiortars of metal, marbfe^ esirthet^ ware, or gla6* 
Siftiiig k the (^erxtbn bjr which the liDer parti^ 
cles of the powder are feparated ftom tht cearfei^ 
by a fieve : Walhing, that in which the fame 
end k attained hj difiufi^ the powder ki water^ 
«db»om)g the ciKitfer particks to Subfide, pouring 
off the fluid which holds the fir^r fu^ended, and 
allowing tbefe to be depofited. The metals^ 
firom their greater hardnefs, require to be i3ed 
4owtiv to be faamoiered into thin leaves, or to be 
l^rat^ukted, by poking thetn, when meked|thro^ 
a perfomt^d plate into waten 

Thefe operations are very far from reducing 
bodBe» to their minute integrant particles^^ be- 
tween which only attraftion is exerted. They 
ate therefore merely preUminary to thofe, m 
which fuch an extreme dirifion is obtained by 
c^hemical mean^^ 

Of ^fe, the firft is Solution^; by which is to be 
tinderftood, that operation in i«^ich a folid body 
eombines with a Hmd, in fuch a manmfT that 
the conrpound retains the fluid form, and is 
ttaaiiparent and permanent. Perfedl tranfparen^ 
ey, and the permanent fufpcnfion of the folid, 

are 
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are tbem?irHof peife^ fol^ncM>, by which it is 
diftiaguilbed from fimplc mixture, or n^eohaoical 
difiuiiQn* ^ 

. Chemiftrj is indebted to Newton for the firft 
juft view of the^ nfttute of this operation. He 
rcjedled the ragUQ explanations whiqh fuppofcd it 
to depend on the.figurjes of the particle?, by 
which the one body was fitted to break down thq 
other ; and afcribed it folely to an attradtion fub- 
fifting. between the psirt|cle$ of th§ two bodies, 
by which they were unitedt 

I» chemical language, the fluid body is termedr 
die Sojvent^ or Menftruum ; the folid, the Solvend. 
This difttn^on nduft not be underjjtopd as con-^ 
yi^ng the idea, that the one body it more adive 
in the x>peration than the other : the attraction 
by which, it is produced is mutually exerted. 

In general, the folution of a folid in a fluid can 
be carried only to a certain eitent; a given. 
quantity of it being diflblved, and no more, 
though the fluid be kept over it for any length 
ef time. This is termed Saturation, and the 
fluid in. f^cb a cafe is (aid to be faturated. 
The point of feturatbn in any fluid is very 

D different 
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different with refpcia to different folids: of 
feme it will diflblve its own weight ; of others, 
one half or one fourth ; and of others, not more 
perhaps than one or two hundredth parts. With 
refpid to fome fubftances, the folvent power ap- 
pears to be without limitation. When a fluid is 
faturated with one fubftance, it is ilill capable of 
diflblving another, but not in fuch large quanti- 
ty as it would 4o were it pure. 

An incrcafe of temperature favours folution; it 
not only facilitates it, or caufes it to take place more 
rapidly, but it enables the fluid to diflblve a larger 
portion. The larger quantity diflblved is again 
depofited when the folution cools. Thfe folvent 
power is not with refpc<ft to every body equally 
promoted by an increafe of temperature : Water, 
for example, will diJOTolve five, fix, or feven times 
more of fome fubfl;aiices, when boiling, than 
when cold ; of others, three or four times ; while 
there are fome nearly as foluble in the cold as 
in the hot fluid. Thefe differences exift princi- 
pally with refped to thofe fubftances termed 
Salts. . Lavoifier has obferved that the falts, whieh 
have their folubility in water promoted moll large- 
ly by an augmej^itation of temperature, are thofe 
which are moft fufible by Caloric. 

Agitation 
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Agitation favours folution, by removing from 
the folid the portion of fluid already faturated 
with it, and bringing^ a new portion to ad upon 
it. The fame end is attained by increaling the 
furface of the folid body ; and hence, in part, the 
utility of thefe preliminary operatiohs by which 
folids ar? reduced to powder. 

By folution wc commuiiicate to bodies that 
fluidity which is ncceflary fcfr ,their mutual chcr 
mical a6lion, and hence of all the chemical ope- 
rations it is the moll extenfive in its application* 
It is performed in veflels of diflferent kinds^ ia 
phials, matrafles or cucurbits of glafs. B,a- 
fons of earthen ware, or metallic veflels are like^^ 
wife odcafionally ufed. 

The fecond principal operation by which che*. 
mical combination between bodies is promoted, is 
Fufion, or melting them by the application of 
heat. It weakens the force of cohefion fubfifting 
between their particles, and gives them that flui- 
dity neceflary for their motion, and in both thefe 
ways facilitates their union. This operation for 
chemical purpofes, and where large quantities are 
not employed, is performed in veflels termed CSk^- 
cibles, made of clay with a fmall proportion of 

fand. 
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fatid, or of black lead. Sometimes alfo cups of 
Iron, Silver, or Platina, are employed. 

As an intenfe heat is often neccflary to fufe 
bodies, as well as for cohdodting conveniently o* 
ther chemical operations. Furnaces are very ne- 
ceflary inftruments. Thefe are of very vatious 
kinds, both in the mode of conftruftibn, and in 
the materials of which they are made. It is fuf^ 
:Bcient to defcribe tAeir general ftru.dure, 

ft 

The eflential parts of a furnace are the body 
or fire place, in which the fuel, and the veflfel 
containing the materials to be operated on, are 
placed ; the chimney, by which the fmoke and 
heated air are carried off; and the afh pit, into 
which the afhes fall, and by apertures in which 
air is admitted to tM burning fueU 

The principles on which the produdHon of 
heat in furnaces depends, are,^ that inflammable 
matter cannot burn without the accefs erf" air, 
and that the rapidity of the combuftion, and con- 
fequently the quantity of heat produced in a giv- 
en time, are proportioned to the quantity of air 
tranfmitted over the burning matter. When fu- 
el is placed in a clofed cavity, hke that of a fur- 
nace. 
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Bace conD€<3:ed with a chimney, when it is kin- 
died, the air in the upper pwrt of the furnace is 
neccfliirily rarificd, ajid.afcend^ by the chimney; 
the preflure of the external atniofphcre torces a 
quantity of frefh air through the opejiings below, 
which, rifing through the fuel, oc«afions a ftrong 
combuftion. 

In furnaces, therefore, the ftrength of the com- 
buftion depends on two, circumftitnces ; on the 
accefs of the atmofpheric air from below, and oa 
the height of the column of heated air. When 
the tube or chimney is lengthened, the difference 
between the fpecific gravity of the column of 
heated air which it conti^ins, and of the column 
of external air being greater, a larger quantity of 
frc(h air is conftantly forced through the fuel, 
and a ftrong draught, as it i$ termed, is formed. 
This is proportional to the height of the vent, to 
a certain extent ; for beyond a certain point, the 
sdtinth^ vent being cooled, no addition to the 
draught is gained. 

It is al£b obvious, that the draught of air may 
be diminiihed or increafed by kflcning or en- 
larging the accefk of air from below ; and by 
clofing up that accefs, the combuftion will be 

totally 
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totally ftopt. Regifters, confiding cither of a 
number of holes fitted with brafs plugs, or, what 
is more convenient, of a movable femicircular 
' plate, are employed to regulate the admiffien 
of air. 

In the confliruftion of furnaces, there is ano- 
ther important objed to be attained, the confin- 
ing the heat, or preventing it from being abfl:radl- 
ed by the furrounding air. This is accomplifli- 
ed by coating the internal furface with fome fub- 
ftance which tranfmits the heat very flowly: 
a lute of clay and fand is commonly ufed for 
this purpofe, which farther ferves the important 
purpofe of defending the fubftance \ of which the 
furnace is made from the aftion of the fire. 

. Where a very moderate heat is requifitis, the 
Lamp furnace, or the heat afforded by the com- 
bullion of fpirit of wine, or oil, by a wick, is very 
ufeful. Where the heat is not defigned to ex- 
ceed the temperature of 212^ of Fahrenheit, the 
veflel containing the materials to be operated on 
is placed in boiling water. This is termed the Wa- 
ter Bath. The Sand Bath is thafwhere fand is 
ufed as the medium by which the heat is com- 
municated to the veflel. 

The 
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The Blow Pipe is another convenient inftru- 
mcnt for exciting a very ftrong heat, and operat- 
ing on fmall quantities of materials. It is merely 
a tube with a very fmall aperture, through 
which a ftrcam of air is forced, either by the 
mouth or by bellows, upon the flame of a candle 
or lamp,' and the flame is diredted upon a fmall 
point where it excites a very intenfe heat* 

An intenfe heat, the moft intenfe indeed which 
we can raife, is likewife capable of being excited 
by the folar rays, concentrated by a concave 
mirror, or a lens. 

There is one other mode in which we can 
raife the temperature of bodies, fo as to facilitate 
their combination, which is more immediately 
applicable to the permanently elaftic fluids, or 
airs, that of paflSing the Eledric fpark through 
them. This raifes the temperature of the part 
through which it paflTes to ignition, at which thefe 
bodies combine. 

After chemical combination or decompofition 
has been effefted, various operations are requilite 
in order' to obtam the produfts. Such are Lixi- 



viation, 
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viatioii, Filtration, Evaporation, Cryftalifation, 
Precipitation, Diftillation, and Sublimation. 

Lixiviation \% tnerely fditxtion perSntned with 
ft particular view. If we have a mixture of tvra 
kinds of matter, one of which is foluble in wa£er» 
the other infoluble } by the affufion of a fofficieot 
quantity of water, the former ia difloived, and 
the latter at length remains pure. This is term- 
ed Lixiviation, and the folution a Ley* By Fil- 
tration, or paffing the fluid through the pores 
of paper, linen, or other materials, it is feparated 
from the particles which remaia fufpendcd in it^ 
undiflblved. 

i 

Evaporation, underftood as a chemical opera- 
tion, is that in which, by heating a fluid, it is Qon^^* 
verted into vapour. It is more particularly ap-i 
plied to recover a folid which 4ias been diflS)lved 
in any fluid, the fluid being evaporated, and the 
folid remaining pure. It is performed ia veflds , 
of glafs, earthen ware or metal, which, are of fuch 
a figure as to prefent a wide furface to the air, io 
that the vapour may efcape freely. 

WheB Evaporation is carried on in clpfe ve£« 
fels, fo as to colled the fluid that is volatilized, it 

forms 
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forms the ptodefs termfed Diftillatiori, which is al- 
ways performed with the view of obtaining thei 
more volatile part. 

* 
Diftillation is carried on in veflcls of different 

r 
\ 

kinds. The common ftiU is made pf iron or cop- 
per, and the fire is diredly applied to the bottom 
and fides; the vapour paffcs off by a pipe iffuing 
from the head, and is conduced through a fpiral 
tube, termed a worm, placed in a veffel of cold wa^ 
ter, by which its condenfation is promoted. The 
common figure of the ftill was formerly that of a 
cylinder, the height of which was at leaft double 
the diameter ; but it is now made much more 
ihallow, as there can be no doubt that the ex- 
tent of evaporation is proportional to the extent 
of furface to whidh the heat is diredly applied, 
and to the free exit allowed to the vapour. 

In the diftillation of many fubftances, metal- 
lie veflels would be aded on either by the ma- 
terials, or the produds of the operation. Veffels 
of glaifs or of earthen ware are therefore employ- 
ed ; and of thefe thq Retort is the moft con- 
Tcnient. It is a kind of conical bottle, the 
bottom of which is convex, and the neck bent at 

r 

an angle of about 6d degrees. The materials are 

E pi>i: 
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put intp the body of the Retprt, and heat is ap-> 
plied to it, generally by a fand bath; to the neck, 
another globular or conical bottk, , termed a Re- 
ceiver, is adapted, in which is condenfed the fluid- 
that diftils over. Where the produd is very vo- 
latile, one receiver is infuffic lent, twa or three ar9 
therefore inferted into each other. Sometinies 
this product is permanently ^laftic, or incapable 
of condenfation by itfelf. Water, therefor^^ <» 
fome other fluid, muil be placed in the re^eivers^ 
by which it may be abforbed^ Woolfe'a appara« 
tus is adapted to this purpofe* It conies of a fer- 
ries of bottles, cpnneded with each othc^r by bent 
tubes, one tube always dipping into the watei^ 
placed in the receiver intp which it h inferted* 
By this contrivance, the p^nnanent vapour is al-« 
ways forced to pafa through thf^ fluid- Each 
bottle like wife has^ what is termed » a tube of fafe^^ 
ty. This is merely a ftraight tube, immerfed a* 
bout one-tenth of an inch in the fluid iti the bot- 
tles, by which, whenever a condenfation of ait 
takes place in the apparatus^ or a partial va>* 
cuum is formed, atmpfpheric air is forced in to 
fupply its place, and prevent the preflure of th^ 
atmofphere at the extremity of the apparatus, o^ 
that of the air included in the lafi: bottles, fr^ia 
forcing the fluid backward from the qnt bottl« 

- tm 
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t(y th6 dther, by which m mwiy cafes the ptoduA 
would be fpoxled. 

tn thefe and other kinds of ^pp^ratus, lute% 
or fkiff partes, are rieceffaty to clofc up the join* 
ings, and prevent the efcape of any vapour. They 
are made of different adhefive niaterials ; as of 
flour and water, of clay and fand, or of dried 
tlay mhted with drying oil. 

Sublimation is an operation fimilar to Diftillar 
tton, a volatile body being feparated from one 
more fixed by the appUcation of heat. But the 
matter thus volatilifed, condenfes- in the folid 
form, which ferves to diftinguifh the one opera* 
tbn from the other. The apparatus employed 
for Sublimation is the alembic; with its capita! ; 
the former being merely a conical bottle round 
in the bottom, the other a globular head adapted 
to it, with a groove or edge in its under part to 
aUow any fimd to run off. 

Prectphation is an operation of a diflPerent kind*. 
it k appHed to that procefs in which, by cbemi« 
cal a6bbn, a folid body is feparated from a fluid, 
and depofited. There are three varieties of it j 
tft. That wfcere a folid has been dilTolved by 

a flfud^ 
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a fluid, and where «i third fubftance, being added, 
combines with the fluid, and the folid is thrown 
dpwn : 2d, Where the fubftance added combines 
with the fohd, and forms with it a fubftance in- 
foluble in the fluid, and which is therefore preci- 
pitated: and, 3d, Where the fubftance added 
combines with the body by which the folid had 
|)eeti diflblvcd, and where both this new com- 
pound, and the folid which is fcparated, ate 
precipitated^ 

Cryftallizatipn is the concretion of a folid, in 
fottie regular determinate form, and is of two 
^inds. When a body has been melted by heat, on 
allowing it to cool ilowly and without agitation, in 
pfluming the folid form, its particles take a re- 
gular iarrangcment, fo that its texture exhibits 

« 

iomt regular figure. Or if a folid has been difr 
folved in a fluid,- on the removal pf p^rt of the 
^uid by flow evaporation, or on a redudio^ of tem- 
perature, the folid begins to concrete ; and if agi- 
tation be avoided, it forms itfelf into fmall maflTes, 
tf anfparent, and of regular forms. Thefe are ter/n- 
cd Cryftals j and the pperation itfelf, Cryftalli- 
zation. Of the former kind of cry ftallixation, the 
metals furnifli examples ; of the latter, the clafles 
of falts and earths. It is the letter kind thati? 

more 
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more particularly employed as an operation of 
Chemiftry, to obtain the produi3s of other ope- 
rations, , 

Cryftallization is promoted by affording a 
nucleus, or folid point, at which it may com- 
mence ; and ftill more fo, if this nucleus is of the 
fame kind of matter as that which is diflblved. 
The accefs of the air likewife has an important 
influence on this procefs. If a faturated folution 
of a fait in boiling water while it is hot be in- 
clofed in a veffel, fo as to exclude the atmofphe- 
ric air, it does not cryftallizc even when cold ; 
but if the air be admitted, the cryftallization im- 
mediately commences, and proceeds with great 
rapidity. A produdlion of fenfible heat always 
accompanies cryftallifation. 

Cryftals depofited from water always contain 
a quantity of that fluid, often more than half 
their weight. It is termed their water of cryf- 
tallifation ; it gives them their tranfparency and 
dcnfity, thcfe qualities being always loft when 
this water is evaporated. 

Every body that cryftallizes takes on a figure 
peculiar to itfelf ; and hence the figure of the 

cryftals 
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^Tfitals ferves as a very obvious property, t6 
thefe bodies from each other. 



The phenomena of Crjrftallizatioa have been 
£ippc^^ to be owing to the particles of bodies 
having a tendency ^ to unite by certain fides m 
preference to others, probably by thofe which 
admit of the moil extenfive contad; hence^ 
when a fluid in which thefe particles are fu£- 
pended is withdrawn, fo as to allow of their gra« 
dual approach, they will unite by thofe fides moft 
difpoled to union, and thus mafles of a regular 
figure win be formed. 

By Gryftallization we can frequently fepa- 
rate two fubftances diflbhred in the lame fluid. 
If one is lefs foluble than the other, after a cer- 
tain degree of evaporation, it will ciyflallize, 
while the latter remains diflblved, and may be 
obtained by a farther evaporatioB ; or if one is 
more foluble in hot than in cold water, while the 
otljpr is nearly equally foluble in each, the one 
will be obtained by ciyftalhzation when the fo- 
lotion is cold ; while the other, by the neceflaiy 
degjxc of evaporation, wiU be feparated, evea 
Tiriiile the folution is hot. 

CHAP. 
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OF CH£MIGA(» ATTR ACTION, OR AFFINITY. 



Attraction, ih the language of modern Fhilo- 
fophy, is employed merely as the expreflion of the 
general fad,- that the mafles or particles of mat* 
ter have a tendency, when left to themfelyes, to 
approach uiitir they come into apparent contaA. 
The different fpecies of it hare beeA already no- 
ticed and diftinguiihed from each^other. 

ChemicatAttradion, that particular {pedes which 
We are now to inVeftigate, may be defined, that 
power by which the particles of heterogeneous 
bodies have a tendency to unite, and by which, 
when united, they are retained in a flat« of 
combjnatiofl ; forming, not a mere aggregate, or 
mixture, but a new body, in which the properties 
of the component parts are more or lefs changed* 
Two fubftances may be intimately mixed toge- 
ther, 
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ther, and their particles may adhere with conii- 
derable force : but however intimate the mixture 
may be, it ftill confifts of diffimilar parts, fepara- 
ble from each other by mechanical means, and 
retaining all their properties unimpaired. But 
when fubftances are chemically combined, the 
compound is uniform in its compofition, no dif- 
ference of particles is difcoyerable, the parts of 
which it is formed refifl; every mechanical power 
of feparation, and can be disjoined only by the 
ad:idn of chemical powers. New properties 
alfo are acquired different from thofe of* the 
bodies which have entered into union. By 
thefe cha rafters, Combination is diflinguifhed 
from Mixture. 

It is alfo to be diflinguifhed from Aggrega- 
tion. This is merely the union of particles 
of the fame kind of matter; — the refult is 
an aggregate po ffeffing all the properties of the 
particles of which it is compofed, and exift- 
ing in different forms, according to the force of 
attradion by which they are united. In the 
folid form the force of aggregation is flrongeft, 
varying, however, from the extreme of hardnefe 
to that degree of foftnefs which yields to a flight 
preffure ; in the fluid form it is ftill weaker j and 
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in aeriform fluids" it is entirely overcome, and a 
repulfion cftablifhed between the particles. 

From the difference between Combination 
and Aggregation, arifes a diftindion of fome 
importance ; that between the integrant parts 
or particles, and the component or conftituent 
parts of bodies. The latter are particles of mat- 
ter, differing in their nature from each othtr, arid 
which, by their union, form a compound^ or fub- 
ftance, with new properties. The former do not 
differ from each other ; nor do they differ, as to 
their nature, from the aggregate which they form. 
They are merely the fmalleft particles into which 
a body is divifible without decompofition. They 
are held together by the attraction of aggregation, 
or Gohefion, while the conftituent parts are Imited 
by chemical attradion. It is evident that fimple 
bodies confifl entirely of integrant parts, all their 
particles being aUke in their properties. Com- 
pounds, again, may be confidered as confifting 
both of integrant parts and of component parts, 
or diffimilar particles. When two compound 
fa))ftafices unite chemically, it is the integrant 
particles which combine, arid . not the more fitn- 
pie principles of which thefc are £brri[ied. 
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Such is the natore of chetnical combioatioo. 
What is its caufe ? In ^other worde. By what 
power is the union of two different bodies ei&6l« 
ed ? We 4re indebted to Newton for a fattsfac* 
tory anfwer to tl^s queftion. After having de« 
^nonilrated the laws of Gravity, <and fliewn ^leit 
«p|>licfation to the fenfible motions ai the uni- 
verfe, he obferves, that there might be other 
fpecies 'of -ftttradtion whioh i^eaoh to fUiCh fmafl 
diftances as to have efcs^d obfervfttion. At the 
end <tf his treatife on Optics, he rbvhaws a ^e<t 
number t)f chemical phefA>metm add ft&jonfei 
and ^3|>Hes this principle U> thdr ei^pianailoti. 
When two bodies uilite, this ^e conceives to be 
owhi$ to ail ^ttradimi exerted by the patfticies of 
the 'one to the partides of the-ol^eri bfy whicit 
they are brought together : when ihey 'ttSiA M> 
Unite, it is becdu£e\ no &ch attra^^ion&xifts ; and 
when a coo^und is decompofed by the addiiifA 
of afiy other body, it is in confequence of that bo- 
4y ex€rting an^ttradion, to one of the princi^ples 
of the con^pound, (Ironger than that which eoeiil>. 
^d betweet^ them. Thefe exjdanalions ^areib 
much fuperior to the crude notionsformerly ^a- 
teftained by Chemifts upon thefe fubjeds, that 
they were . generally received. The laws regoiht^i 
ing the exertion of chemical attra^on have fince 

been 



been HiveAigated by the moft. cekbr^tttd Ghe^ 
milfti As they fonn the bafisof the Science^ they 
requh« to be fully iteted. 



between the xmaut^ pavtktes of bo^s. 

* 

No exertion of chemical attra&ion can be 
potQeired between mafiss of matter. Hence the 
oecjeiiity of mechamcai dirifioin, in order to fa* 
c^itate cbemicali eombinatioh. Hence alio, 
^ee two bodies have united, the fmalleft 
partft of the campanod are feund to confift of tho 
fOQ^ponent parts united in then: due pn>pov-» 
tioBu 

LiiwU^ The Attiaddon of Aggregation nuift 
be overcome before Combination or Beqompofi^t 
tion can take place from the exertion of Chemi^ 
cal AttraAion. 

• • 

This law fbtlowa in part from the f<»iiier ; for 
&icie ^ttraftioo b exerted only between the mi* 
iROte panieles of bodiea^ it is evident that, in or- 
der tQ effbdt a unicm, the aggregation mu|t be 
brokf n» Suid the bodies to be united reduced to 
theur fmJleft partSr The (ireumftance, however, 

of 



: 



Law I. Chemieal Attradion is eiierted only \ 



J 
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deftroying the aggregation is not lefs ncceflary in 
another rcfpeft ; for it is evident, that although 
we fhould fuppofe attradion to be exerted be* 
tween the particles in the mafs, yet a union could 
aot take place, unlefs the ftate of aggregation 
were fuch as to allow thefe particles to move to 
each other in order to coalcfce. 

' From thefe circumftances arifes the ncceffity 
of fluidity for chemical combination taking place* 
When two bodies in the folid ftate are mixed to- 
gether, and reduced to the fineft powder, they do 
liot ad upon each other ; but if one or both be 
rendered fluid, either '> by folution or fufion, then 
whatever attradion may exift between them is 
exerted with effcd. Hence has been deduced 
the chemical axiom, Corpora non agunt nifi Jint 
foluta. 

To this axiom, that fluidity is indifpenfible to 
combination, many exceptions jnay be ftat- 
ed ; there being inftances in which, both at low 
and at high temperatures, folid bodies ad che- 
mically on each other. Thus two fimple earths, 
if. heated together, will combine, though the 
temperature be much lower tHan that which 
would be neceflary for the fufion of either fe-' 

parately. 



I 

I 
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. parately. From the confideration of Fa6ls of ' 
this kind, Morveau has tnodified this axiom, 
and expreffed it more juftly in th^ following 
ternM : " There is no- chemical action between 
** bodies, if one of theip is not fufficiently fliiid," 
(or rather, if its aggregation is not fufficiently 
weakened,) " that its particles, may yield to 
*^ that affinity, which tends to bring them into 
" contaft with the other," 

There is another clafs of exceptions to this 
law, of a different kind* It is in general true, 
that the weaker the aggregation is, the more 
eafily combination is effected j liquids, there- 
fore, combine wilh more facility than foUds, pr 
even than a folid and liquid : and in like manner 
vapours combine with rapidity and eafe ; fo that 
in many cafes, the only pradicable method of 
combining two bodies is, to prefent them to each 
other in the flate of vapour. There are, hcJwe* 
ver, many other cafes in which the flate of va- 
pour, efpecially if it is permanently elaflic, op- 
pofes chemical union. Few of the Gafies can be 
combined but at a high temperature, and even 
then the union is often flow and reludlant. The 
.caufe of this circumftance, depending on the a- 
gency of Caloric, is afterwards to be explained. 

Law 



* 

I 
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Law lit When Chcmicd Gombination h» ' 
faken place, the compound which is formeil 
does not poffifs properties merely intermediate 
between thofe of its component parts, but has 
acquired otiiers more or lefs new. 

This law of Chemical AttrkAion is of vafk im- 
portance in its appficatton, fince it is from it 
that the properties of the greater number of ma- 
terial bodies are derived. Almoft all the pro- 
dudions of nature or of art are compounds of a 
few fimple bodies ; and the nnmenfe variety of 
properties they poflefs, and by which each may 
be diftinguifhed from every other, is derived 
from this fimple law of attradion, that combina- 
tion ahers, more or lefs, the properties of the bo- 
dies* combined. The ienfible qualities, fuch as 
tafte, fmell, colour, fbrm and denfity ; and the 
chemical properties of fufibility, volatility, folu- 
' I bility, tendency to combtnatbn, and order of at- 
? tradlion in the compound, bear in general no re- 
'femblance to the fame qualities in its conftitu-* 
cnt principles. In no cafe, therefore, can we, from j 

our knowledge of two bodies, infer with certain- i 
ty, a priorij what will be the properties of the j 

compound which refults from theh: union. 

It 
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It i$ not iniranably true, Jbowever* that the 
jpcqi^erties of ^ body are completpLj changed bjr 
its combmatioQ with another. There are joan^ 
esttnples in which they are only ilightly altered 
or weakened ; and there are feme, the folutions 
of falts in* water for example, in which they are 
fcarcely perceptibly changed.; though ^hat Ihefe 
w8i?e »real comical combinations istcertain, as thej 
are nc^ deftrudible but by the exertion of a fu- 
.perior affinity « In ihefe and in other cafes in 
which the properties of a body are little alter- 
ed, there is generaUy one change which marks 
ichemicdl uniod, m alteration of ipccific fravi* 
ty, that of the compound not being the nm|n c^ 
the fpecific gravities of the component parts. 



IV. The -exertion x>f ChcmicQl Atbfac-. 
Kcoompaniftd \^y a ohange of teiDpera- 



miis law, if nctmniwrfal, is at leaft Teiye^i*. 
neral; there bel^g 'few iniknces of chemicd 
a^ion which, if accurately obferved, do not 
&ew^ change vof ^temp6rature> ^aod inmaqj ca- 
As a Ttry ^ooiifiderable one. The tu^peratwe 
•siayibe ^dthcr incroifed or dimini/bed ; m oth^ 
words^ neither heat or ^ooidnkzy .be ^gmiwtd : 

and 
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and the great fource of both thefe changes, c- 
fpecially in the operations of art, is chemical 
combination^ The caufe of this change, belong- 
ing to the ronfideration of Caloric, will be after- 
wards explained. 

Law V. In the greater, number of bodies, 

there are certain limits to their combinations 

with others ; in other words, there are certain 

' proportions in which they combine with each o- 

ther. - 

This law comprehends feveral varieties of 
combination. 



/ 



I. There are many bodies which will com- 
bine together in only one proportion ; and if an 
excels of either ingredient of the compound be 
added, it will either be merely mixed with it, or . 
coUedled apart from it, with its properties un- 
changed. Hydrogen and Oxygen in their u- 
nion, aflbrd an example of this kind. 

1. There are other cafes in which two bodies 
will combine together in two proportions, in 
three, or even in four ; each of thefe combina- 
tions producing a compound dillinguifhed from 

the 
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the other by peculiar profperties. Thus oxygen u- 
nites with aiot, in not lefs than four proportions, 
each proportion forming a different compound! 
This peculiarity of combination is highly knpor- 
tant ; the immenfe variety of properties, in the 
produds of the Tegetable and animal kingdoms, 
• being chiefly derived from flight differences in . 

the proportions of the few principles of which 
they are formed. 



3. In certain circumftances, the combination 
is uplimited to a certain extent ; one body 
may combine with another in any proportion, 
until a certain quantity of it is combined : but 
beyond that qutotity, the capability, of combi* 
nation ccafes. The folutions of falts in water 
afford examples of this kind. Any portion of 
fait, to a certain quantity, combines with the wa- 
ter } but more than that quantity cannot be 
diOblved. 



Laftly, there are cafes of combination appar- 
ently unlimited, two bodies uniting in every pof- 
fihk proportion. Alkohol and water, or fulphuric 
acid and water, aflbrd examples of this kind: they 
unite in whatever proportion they may be mixed 
together, and the compound has always a i^pecific 

G gravity, 
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gravity^ different • from the mean fpecific gravity 
of the fluids combined. 

Of fome of thefe clafles of fads, Guy ton (late 
Morveau) has given a different ftatement, which 
feems to be generally admitted. He fuppofes, 
that any two bodies are capable of combining on- 
ly in one precife proportion ; but the compound 
which is thus formed may farther combine with a 
new quantity of one of its conftituent parts, and 
this may be carried to the length of two, three, 
or four flicceffive combinations. All the com- 
pounds, therefore, which were formerly confidered 
as combinations of bodies in different proportions, 
are fuppofed to be fucceffive combinatibns of the 
compound formed, with new quantities of one of 
its ingredients. 

/ 

This opinion applies with facility to thofe 
cafes of combination in which bodies unite in two, 
three, or perhaps four combinations; and with 
refpeAto many of thefe, it is probably juft. But 
in thofe cafes where combination is unlimited, as 
in the union of acids, or of alkohol with water, 
it is impoffible to conceive how the combinations 
can fucceed each other, in the manner which 
Morveau has fuppofed* 

The 
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The limitation of combination, which has been 
noticed under this law, forms what is termed, in 
the language of Chemiftry, Saturation, When 
one body has combined with another in the larg- 
eft poffible proportion, it is faid to^be faturated ; 
and the precife proportion in which they have 
thus combined, is termed the point of Saturft* 
tion. ' . . 

Law VL Attraftion is in the inverfe ratio of 
Saturation : Or thofe particles which enter firft 
into combination, fo as to. form a peculiar com- 
bination, are united by a llronger attradion than 
thofe- which are afterwards added. 

This law has been inferred from the fads ftat«r 
ed undet the preceding ; and it is in general juft. 
Among thofe bodies which unite in two or three 
determinate proportions, there is fcarcely one ex- 
ception to it ; the force oPattradion being ftrong- 
efl in the firft compound, and weaker in the o- 
thers. Hence there are many of thofe compounds 
which it is poffible to decompofe partially, even 
by the interference of very weak attradions, 
while it is extremely difficult to effeft their entire 
decompofltion« 

Law VII. 
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Law VII. Chemical Attradion may be exert- 
ed at the fame time between more than two bo^ 
dies, jfo as to bring them into combioatioiu 

Nature prefents us. with a great number of 
Compounds, efpccially in the animal and vegeta- 
ble kingdoms, confifting of three,* four, orcvep 

• _ _ 

more fimple fubftances ; and art can alfo efFe<9: 
combinations in which therd arc three or four e- 
lementary fubftances united. In fuch cafes, it 
is conceived that the attractions are mutually 
balanced ; and it is obferVed, that fuch combi-^ 
nations generally take place between thofc bo- 
dies in which the difierent attmdtions are near-* 
ly of the fame force. Compounds of this kind 
are termed. Ternary, Quaternary, &c. accord- 
klg to the number of their principles. 

On this fubjeft, Morveau has advaticed an o- 
pinion fimilar to that which he entertains re- 
fpedling the union of bodies in different propor- 
tions. He conceives, that when feverai bodies 
are- mixed together, and one apparently homo- 
genous compound is produced, they do not 
all dircftiy combine; but two of them firft 
uiiite, ^nd the compound they form combines 
with the third \ ^s this new compound may a- 

gain 



gdln comlHne with a foortb, if k be prefent. 
In confirmation of this opimon, it is obfeirred, 
that very frequcntlj if two of the bodiel be 
firil combined, and then the third be added, the 
fame ^compound is produced as when thej are 
all diredly mixed. , This, however, is hf no 
means always the cafe ; and there are even Ibme 
fadts, particularly the folutiods of two or three 
fubftances in the fame fluid, of different falts ia 
water for example, which are unfavourable to 
this opinion. 

* Under this law ^ may be noticed what has 
been termed by Chemifts, the Affinity of In- 
termedium. There are many inftances in 
which two bodCes do not combine together, 
but on the addition of a third fubftance, a che^ 
mical union is eSeded. Such cafes, however, 
are merely examples of a compound being form« 
ed . of two fubilaiices, and this combining with a 
third body. 

Law VIII. Bodies exerting an Attradion to o« 
thers, exert it with different degrees of force, each 
individual having its peculiar attradion to others, 
which can be only afccrtained by obfervation 
or experiment 

This 
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This is the moft important law of Chcmital 
Attradlion, fince it is the fource of by far the 
greater part of the combinations of chemiftry . 

From the attraftion exerted by one fubftance 
to another, their combination takes place ; and 

all bodies between which fuch an attradlion ex- 
ills, may be made to unite. But in confequencc 
of this law, that the attradlions exerted by any 
body towards others are different in their force 
with refpedl to each, we are able, when two have 
combined, to decompofe the compound they 
have formed, by adding, under the circumftan- 
ces ijeceffary for the exertion of chemical attrac- 
tion, any body which has an attradtion to one 
of them fuperior to the attradion by which 
they were held united. The two bodies be- 
tween which there is the ftrongeft attra<9ioa 
combine, and the third is fepargted. 

TJiis may be iUuftrated by a diagram. 




4 






/ 
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Suppofe A to have an attrafliion to C , e qual 
in force to 6. If placed under the neceflary cir- 
cumftances of divifion and temperature, they 
will unite and form a compound AC.* But 
fuppofe A to have an attratftion to B equal 
to 8, if B be added to the compound A 
C, it will immediately decompofe it by u- 
niting to A, The compound A B will there- 
fore be formed, and C will be difengaged. 
The fame decompofition, it is evident, would kave 
been produced, if the attraftion between B C 
had been fuperior to that between AC. B 

would have combmed with C, and A would 

« 

have been feparated. 

t 

The fame principle may be illuftrated by ex- 
periment, by fubftituting Nitric Acid for the let- 
ter A in the above diagram, Potafti for B, and 

Lime for C. - 

I 

After the fadl was difcovered that the force of 
attractions was different, it was a very obvious i- 
dea to conftrud tables in which the relative forces 
of attradion of any fubftance towards others 
might be exhibited, fo far as thefe were afcer- 
tained by experiment. This was firft done by 
Geoffroy, a French Chemift, Thefe have been 

extended^ 
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extended, ib as to comprehend a great part of the 
combioatioas and decompofitions m Cbemiftrj. 
They are merely columns, at the head of which. 
s$ placed the name of the fubilaiKe whole attrac- 
tions are to be enamerated, and the different fub-- 
ftances for which it has an attcadion are fdaced 
beneath it, in the of der of their forces of attrac- 
tion, at in the following exampjle. 





£1 M£. 


KIT&IC ACIDu 


• 


Oxalic Add 


Barjtes 


■i 

1 


•Siilphurlc Acid 


Potalh 




Tartarous Acid 


Soda 




Phofphoric Acid 


Lime 




Nitric Acid 


Ammonia 




Muriatk Acid. 


j Magnefia* 



There remains to be expldned another cafe of 
clefJUve attraaion, more compUcated, 



Suppofe we have a compound formed by the 
imien of A and B, m which the force of attrac- 
tion is equal to ao, and that to this com- 
pound another fubftance, C, be added, which baa 
an attradion to A, equal to 16 ; it is evident that 
no decompofiticMi can enfue, ButfuppofeD, a 

fourth 
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* 

itovfth fubftance, is united to C, with an attradion 
equal to 7 ; and fuppofe that D has an attradlion 
to B equal to 12, thcp a decompofition muft be 
efieded on mixing thefe two compounds; for 
the fum of their exifting attraftions is inferior to 
the fum of thofe tending to fcparate them, the 
one being 27, the other 28. A B, C D^ there- 
fore are decompofed, and two new compoundci 
C A, B D, are formed. 

This is what is termed, in the language of 
Chemiftry, Double Elcdive Attradlion ; two. elec- 
tive attraftions being exerted, and two new com- 
pounds formed. Of the two attradions which 
are exerted, one tends to preferve the original 
compounds undecompofed ; the other tends to 
feparate their principles. The former have been ' 
termed by Mr Kirwan the Quiefcent, the latter 
the DiveUent Attra^ions, terms which are gener- 
ally ufcd. It is evident that a double decompofi- 
tion can only be efFe<5led, where the fum of th.-^ di- 
vellent is fuperior to that of the quiefcent attrac- 
tions. 

> 
In order to reprefent more clearly and con- 

cifely what pafles in thefe complicated attrac- 
tions, diagrams have been conftruded. The i- 

H dea 
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dea ferms firft to have occured to Dr Cull en « 
The one he propofed was that of two cylinders 
croliing each other at the middle. 




If on mixing the compounds denoted by A C, 
B D, the attradions of A to B, and of C to D, 
overcome the quiefcent attradions, AC, BD; the 
refalting decompofition is reprefented, by fuppof- 
ing the extremities A B, C D, of the cylinders 
to be brought together ; by which alfo the pro- 
dudion of the two new compounds will be denot- 
ed by the conjunftion of thefe letters. 

m 

The diagram propofed by Bergman, confifts 
of two brackets connefted by ftiaight lines, form- 
ing a fquare, at the fides and corners of which 
the nanies of the exift^ng compounds, and of 
their ingredients, are placed« 

Muriat, 
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5 




Muriat jofPotaih. 


•^ 




Potafh 32 Muriatic'Acid 




Sulphat 

of < 
Potafh 


62 V. , 

» 


1 
2o:=Bz 


• 

Muriat 
Lime^ 


i 


Sulphuric Acid — 

' ,86 


Lime 




. 


Sulphat of Lime. 


4 




" 


f 

"* 


* 





Thus in the fchcme which Bergman himfelf 
gives, if the two compounds, termed Sulphat of 
Potafh and Muriat of Lime, the forme?: confifti. 
ing of Sulphuric acid and Potafh, the latter of 
Muriatic acid and Lime, be mixed together, a 
doable decompofitipn takes place, and two new 
compounds, Muriat of Potafh, and Sulphat of 
Lime, are formed. This is reprefented by plac- 
ing on the outer fides of the two bracket;s the 
names of the two compounds mixed, and at the 
comers of the brackets, the names of their ingredi- 
entSy fo difpofed that the one acid fhall be dia- 
gonally oppo^te to the other* ICthe ilumber$ 
expreffing the ^lative force of attradion^ of the 
principles of thofe n^ompounds be aifo added, it 

wiU 
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will be obvious that a decompofitioa will cnfuCt 
If the attradion between Potafh and Sulphuric 
acid be 62, and that between Lime and Muria- 
tic aqid, 20, the ftiin of the quiefcent attradions 
will be 82. But if the attraftion between Potafh 
and Muriatic acid be 32, and that between Sul- 
phuric acid and Lime 54, the fum of the divel- 
lent attradions will be 8^. Thefe, therefore, will 
operate with eflfed ; the Muriatic acid and Potafli 
will combine together, as will the Sulphuric acid 
and the Lime, and the names of thefe rcfulting 
compounds, Muriat of Potafh and Sulphat of 
Lime, are placed without the flraight hues, by 
whiqh the bracket:s aie conncded. 

To reprefent a fingle ekdive attraftion, the 
fame figure is ufed, with only, one bracket, as in 
diagram 4. 



Nitrat 

of 
Fptafh. 



Nitric Acid 



18 



Potafli 20 . Sulphuric Acid. 



r 
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By fome flight variations in their conftruc^ 
tion, tbcfe diagrams have been rendered ftill 
more extenfive, fo that they are capable of repre- 
fenting all the phenomena of thefe combinations. 

Where the quiefcent attradlions are Superior 
to the divellent, and where of courfe no decom- 
pofition takes place, the fcheme confifts of two 
unconneded brackets, with the names of the com- 
pounds at each lide, and of their ingredients at 
each comer ; the numbers, denoting the forces of 
attraction, being interpofed* 



fPotaOi 



Muriat 

of 
Potaih 



6% Sulphuric Acid' 



3? 



Muriatic Acid 20 



54=86 



Lime 



%Z 



Sulpha^ 

of 
Lime. 



In the oppolite cafe where decompofition is 
efre<9:ed, the fcheme No. 3 is ufed, varied only 
to fhew the pecuUar phenomena^ 



Thus in fuch decompofitions it frequently hap- 
pens, that one or both of the new compounds 

prove 
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prove iBfoluble, and copfequently fall down. This 
is denoted by bending downwards, in the mid- 
dle, the line placed between the fubftance and 
the fquar^, as in diagram 5, where the undcr- 
moft line is bent down to exprefs that the Sul- 
phat of Lime is precipitated. If, ori the contrary, 
one of the fubftances be volatilifed or fublimed^ 
the line is bent upwards in the middle, as in dia- 
l^ram 4, where the upper line is drawn in this 
manner, to ftiew that the Nitric acid is volatilif- 
ed. If they are neither precipitated nor vola- 
tilifed, the brackets are merely conne<%ed by 
two ftraight lines. 

Laftly, the circumftances under which the de- 
ipompofition takes place, require to be pointed 
out. Sometimes it is efFeded, by the fubftances 
being diflolved by water, fometimes by the ap- 
plication of heat to them in the folid ftate. Berg- 
man diftinguifhed thefe decompofitions in the hu- 
mid and in the dry way, by ipferting in the middle 
of the diagram a triangle, A, which was the old 
chemical mark for fire, to denote that the decom- 
pofition was eflfeSed in the dry way, or by the 
application of heat ; and an inverted triangle, V> 
the mark for water, to point out when it was done 
in a watery folution. The f^me method is ilill 

Vfe4 
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ufed, the marks only being changed ; a ftraight 
perpendicular line, | , is the mark for caloric, or 
heat^ a compound figure, vlr, for water. 

To facilitate the coriftruftion of fucTi dia- 
grams, all the chemical agents have likewife 
been diftinguiftied by particular charadlers. 

There is a peculiar cafe of chemical decompofi- 
tion, formerly regarded as anomalous, which may 
be noticed under this law. It is what has been 
termed Reciprocal Attraftion. It is that cafe in 
which a compound is decompofed by the addi- 
tion of a third body, and yet the principle difen- 
gaged is [capable of reading upon the compound, 
fo as to decompofe it again, and form a quantity 
of the original fubft^nce. An example will il- 
luftrate it. If Sulphuric acid is poured on the 
compound termed Nitrat of Potafh, it decompo- 
pofes it by combining with one of its principles, 
the Potafli, and difengaging the other, the Nitric 
acid : but if this Nitric acid be again digcfted 
on the compound of Sulphuric acid and Pot- 
afli, it decompofes it, and a quantity of Nitrat of 
Potafh is found to be formed. Still there can 
be no doubt that the attraftion of Sulphuric a- 
cid, is much ftronger than th^t of Nitric acid to 

Potafh 



< 
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Fotalh. How therefore i$ the latter decompo« 
fition produced ? 

Bergman, by an admirable explanation, has 
removed this apparent exception to the vmiform- 
ity of the laws of chemical attraftion. He ob- 
ferves, that Potafli can combine with Sulphuric 
acid in two proportions, one in which they are 
m.tually faturatcd, and a perfcd: neutral fait is 
formed, another in which the acid is in excefs, 
and which may therefore be confidered as a com- 
pound of the' neutral fait with a frelh quantity 
of Sulphuric acid. When the Nitric acid is 
added to the Sulphat of Potafli, there are, two 
confpiring affinities ; the one that of the Nitric 
acid for Potafli, the other that of the Sulphat 
of Potafli for an exccfs of Sulphuric acid ; and 

« 

thefe being fuperior to the bare quiefcent attrac- 
tion between the Sulphuric acid and the Potafli, 
the dccompofition is cffefted. The proof that 
this explanation is juft, is, that whatever quanti-* 
ty of Nitric acid be added, not more trhan a cer- 
tain quantity of the Sulphat of Potafli, about 
one third, can be decompofed : becaufe when the 
two thirds. of the neutral fait acquires the frcfli 
quantity of the Sulphuric acid, there remains 
only the fimple attradion of the Potafli to the 

Nitric 
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Nitric ftcid, which is unable to e&& the decom^ 
poGticm. Anottafer decifive proof of its juilne& 
is, that the Nitric acid has no eSeft on the fame 
(Bompound of PotaO^ with an ezcefs of Sulphw- 
no aeid. 

What is tetmed DifpofingAffinity, or Attract- 
tioMi^ fomifliBS anodier apparent exception to the 
lui&nnfty of fierce irith which chemical attrai:»> 
don operates* it is that cafe in which two bo^ 
4ies ave incapable of uniting, but ii^ which the 
combination is effected hf the addition of a third 
hodj^ though it has no apparent atttadlion to ei« 
eha of the others, or at leaft none which, by aqy 
ohvfous operation, ca& fadjitate the uniool 

This will be betCei* iUuftrated by example. 
Water k 4 compound of oxygen and hydrogen ; 
phofphorus has an attra&ion to oxygen, but not 
lafficieptly ftrong to enable it to decompofe the 
WiHter : bi»t if the phofphorus be combined with 
Kme, it deeoflipofes w^ter ra|^dly» by attraAxng; 
iim oxyfs^t^fr Iron, in like mwher, has ap attrac* 
tbn to cttrgea i birt fo little fupenor to that of 
hydrogen^ that it is unaUe to decompofe water at 
ft low temperatwe^ or at leaft the decompofitipn is 
veEjrflow: but if aimall quantity of £alphurit acid 

I b^ 
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be addedy it immediately comtnences with grestt 
rapidity. In the one cafe the Lime, in the other 
the Sulphuric acid, is faid to exert a difpoiing af^ 
finity. The explanations that have been offered 
of the nature of this operation, are unfatisfaftory, 
fome of them abfurd. The term, however, of 
Difpofing Attradion may be retained^ as the ex- 
preffionof thegeneralfaft, which is unqueftionable> 
that chemical union between two bodies is often 
facilitated by the addition of a. third, which exerts 
no apparent attradion to either that can influ- 
ence the refult. When the nature of this adlion 
is difcovered, it will be expreffcd with more pre- 
cifion as a particular law, or it will be reducible to 
fome of the other eftablifhed laws of attradiion.-i 

Law IX. The force of attradlion between bo- 
dies is not eftimated by the facility with whick 
they combine. 

Though it might be fuppofed, that thefe borr 
dies, between which the ftrongeft attradlion exifts, 
would combine moft cafily, yet we find this 
is not the cafe. Some combitie with facility, 
which have comparatively a weak attradion to 
each other ; while others, between which a ftrong 
attradion exifts, are combined with difficulty. 

This 
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This is owing to the exertion of chemical attrac* 
tion being always influenced by the ftate of ag- 
gregation, the difpofition to fufibility or volatility, 
and other circumitances. , 



.\ 



The problem of determining the relative forces 
of chemical attra^ion amongft diflferent bodies, is 

highly important; but hitherto we have only 

» 

approximations ^ to its f olution* . The ufual mea- 
fure of the force of attradion is, that of decom* 
poiing a compound by the addition of a third bo*- 
dy. But all that we learn from this is, that the 
attradion of one is ftronger than that of another 
to a third: how much ftronger it maybe, or 
what is its abfolute force, is not determined. 

. Morveau obferved, that diflferent metals, plac« 
ed in contad with meircury, adhere to it with 
difierent degrees of force, which he found to be 
in the order of the diflferent chemical attradions 
of thefe metals to mercury. This method, there-* 
fore, might be followed, as a mean of determining 
the relative forces of attradlion ; but it is fo limit- 
ed in it& application, that it cannot be applied to 
the folution of the general problem; 

Mr Earwan, in making expeiiments on the 

faturations 
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fatuiattons of the ncids by the alkalis aad eartbi^ 
difcoyercd, that the quantity requifite ta faturate 
an acid, is diredly as the force of attradion 
fubfifting between the acid and bafe ; to* 
grains, for example, of Sulphuric acid, require 
{briaturation 215 grains of Potafh, t6$ of Soda, 
and J 10 of Lime : as it is known that Fotaft has 
a ftroQger attradion to that acid than Soda, an4 
Soda than Lim<;, Mr Kirwan concladed, that the 
above numbers exprefs the propcnrtionai forces of 
attrai£tidn inthefe bodies* But it has beenfoundi, 
tiiat oil mixing diflerent compound fates toge% 
ther, the adiial refults are not always fuch ais 
ought to be obtained, did the above n^umbers tif^ 
prefs the precife forces of attra£tion of thefe fuh** 
jtances ; and Mr Klirwan hunfelf has pointed out 
fources of fallacy in the origin^ esperimentSy a» 
gainft which it is fearcely pbffible to guard, 

Iamt X. The exeirtion bf chemical attraaiofi 

between bodies is influenced by their ftate 'whh 
lefpeA to temperature, independent of any eSeft 
that temperature may have in changing their 
forms. 

It has already been obfenred, that fluidity is 
in general a ncccfliry requifite for the exertion of 

chemical 



fsUcafton of heat, is one method by which thi9 flur 
idiiy is ohtmn^^ But hefides this there aise m«^ 
|{y cafes, in which it is iiecei&ry to expofe hc^ 
dkji to a Ngh temperatiire^ io order tp bring them 
to a(% cheoiically on es^ch other; aUho* the heat 
applied is not carried fo far as to render eithpr jjf 
them fluid. It is this circumftance that is coaa* 
l^i^hended vn4^i the prefent law. 

This influenoe of temperature may henotice^ 
Sfft, as it prQmQte$ Combinatip^ Of this there 
are two cafes ; that in wlucb tne fojrce of chemir 
^^attradiion (e^ms to be avgmented, and that 
in which its exertion appear^ to be only facilita^ 
ted| by a high ttmpenttur^* 

Of the firft of thefe, the folutions of the 
falta in water afl[ord examples ; a larger qiiantity 
of the ialt j^pipbinf^g with a given quantity of 
w^er, ;^ a Uigh than . 9t a low temperatute, an4 
tijiis large? quiv^ti^y being 4epofite4 when tfaft 
teinperature U reduced. The power of comhio 
i|^tio|i is therefore, in this cafe» OHgrnent^^'hy tbr 
eodireafe of t«iqperature« 



^ 
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Of the i!econd cafe, that in which the eKcrtioH 
is only facUkated by the agency of Caloric, or 
in which bodies require to have their temperature 
raifed to a certain point, in order to combine, 
but the combination remains unaltered by any 
redu^on of temperature, there are many ezam*^ 
pies. 

Thus feveral of the pure earths, when mixed 
together and eocpofed to a high temperature, u- 
nite, though the temperature be ftill inferior to 
that neceflary to melt either of them previous to 
their combination ; thefe earths are likewife info**' 
luble in feveral of the acids, unlefs the acid be 
boiled upon ^hem ; and the greater number of iii^ 
flammable fubftances are incapable of combin* 
ing with oxygen gas, but at a high temperature. 

^ In all thefe cafes, it is evident that Caloric may 
promote combination, by diminifhing the force 
of aggregation by which the particles are held 
together, and by which chemical attraction is 
counteracted. The whole of the effeft cannot, 
howevet, be afcribed to this caufe ; for there are* 
cafes in which bodies combine with others at low 
temperatures, though in neither of them is the 
power of cohefion remarkably weak, or chjcmi^ 

cal 
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cal attrafkiaii proportiocially'ibrong ; vfhUe oth^fis 
jreqiiiie . to be expoied :ta a high temperature in 
order^ to combine, though the chemical attrac- 
tion which they exert to each other is powerful, 
and their aggregation not greater than it is in 
thofe whicii combine with more . facility. The 
.comparative . reUtioiis of Fhofphorus and Char-- 
coal: to Oxygen,: or of Copper and Arfenic to the 
:fame principle, afford examples of this kind. 

The influencb. of temperature is eqtially ex- 
tetifive with . refpe<9; to decompofition. Many 
fubftances remain . in uoioa within a coniidera- 
ble range of temperature ; but if the temperature 
be raifed beyond a certain point, the attradion 
between them is overcome, and, of courfe, the 
.compound which they form is decompofed. 

•■ . - ■ - . ■ 

In fuch cafes of fimple decompofition, it i^ 

perhaps always true, that one of > the bodies is 
. volatile, or eafily convertible into vapour^ while 
the other is comparatively fixed : hence the ap- 
plication of Caloric will adl. with unequal force 
on the component particles of the compound; 
it will have a much greater efFed on thofe of the 
volatile body, than on thofe of the fixed ; they 
.will be feparated from each other j and the fepa- 

ration 






latioa proceeding till they are pbced mdaont 
the ff^ere of mutual aitcftdion, decompofitioBL 
is produced. 

4 

There are other caff^s of a iimSar namte in 
^hich the attradlion d£ a third body- is introduce 
td. Tht compound cannot he <kcompofed mere- 
ly by laifiag iti temperature to aqy point : but 
if it be mixed with fome other fuhftaBce which 
has an attradlion to one of its component parts, 
efpeciaily to that which is fixedi this attmdion, 

* 

co-operating with tipe expanfive ibrce of the Ca- 
loric, efiedts the decompofitioai, 

Xiaftly , a double eledive attradion, which can« 
liot otherwife be accomplKhed, is often efieded by 
expoiing the fubftances to a ftrong heat. In fttch 
cafes, though part of the effed is alfo to be a« 
fcribed to the Caloric diminiihing the ferce of 
ilggregation, it is not entihrely owing to that 
^caufe ; fince ft^quently the fameeflfed is not pro* 
ndnced when the aggregation is diminiflied by 
ibliAion in %attT ; on the contrary, affinities of 
an eppofitc kind ate frequently exerted. 

Thcte are alfo cafo of double dccottipofition, 
which arc efeded onfy at a very fow tem- 
perature; 



pttntxxtt ; Inn thefe mre letidratlf 4{ ^ fimikr 
kind; 

From thefe fa6b it is obvious, that Caloric 
^werftilLx modifies the exertion of chemical at* 
tradion; Sb ftr ts its tfftSb tre referable to its 
power of leflening aggregation^ tlDsy are e«fil|r 
underftood; but we find this caufe infufficient 
{^ the emanation af every cafe, in wluch its mo« 
4ifyi{ig poWiris|ire&tit ; nor has the theory of ks 
tSk6t$ been Mfy ductdated* Some have attem^ 
ed to felve the dtfEeulty, hy fuppofing Caloric it« 
Mf to ^tetU in fach cafes, a chemical attradtion : 
but this involves an inadmiflible hypotheiis, and 
at any ifite it ^noot be ap^ed wth fuffieient 
4^reci&tti 

It od^ remains to ftate the ofdnicms ent^^rtain. 
led £^>c&ifq; the natui^ of cbemicd attraiiStion. 

Sihoe the laws of its aaton aM dtf^rent ivom 
thofe Which regulate the adions of the other kiridli 
of attradion, the obvious concluficm is, that it is 
to be i^egMded as a peculiar power. Somse phi** 
lof<q»hers^ however, from a fondne& for genets 
alizatioo^ have endeavoured to Ihew, that the 
attai^cNn «Ee¥^ between the rnxnate particles 

K of 
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of bodies, whether homogeneous or heterogene- 
ous, are only modifications of that more general 
power exerted between the mafles of matter, 
and at the greateft diftances; in other words, 
that the attraftions of aggregation and of com- 
bination are ultimately the fame with the attract- 
lion of gravitation. 

The circumftance that has been particularly 
pointed out as modifying thefe attraddons, is that 
of the figures of the particles of bodies. ^^ Con- 
<' fidering the vail diftance, we may negleft 
" the diameters, and look upon the heavenly 
.** bodies, in moft cafes, as gravitating points. 
^\ But contiguous bodies are to be regarded in a 
" very difierent light ; for the figure and fitua^ 
" tion, not of the whole only, but of the parts, 
^ produce a great variation in the effeds of at* 
<^ tradtion. Hence, quantities, . which in diftant 
** attradions might be negleded, modify the laws 
^' of contiguous attradlion in a confiderable de- 
** gree/'t 

This queflion is one which it is fcarcely pof- 
fible to determine with certainty, fince we have 

it 
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it not in our power to eftimate the force of thofe 
modifying circuinAances which no doubt in pact 
exift; and it is one comparatively of inferior 
importance, fince the laws by which thcfe at- 
traftions act mull ftill be determined from ob- 
fervation apd experiment 
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OF CALORIC. 



The terms heat and cold, as denoting certain fen* 
fations, though incapable of ftrid definition, are 
fufficiently well underflood. Thefe fenfaaons are 
excited by bodies applied to the organs of ani« 
mals ; and as the fame body, at different times, 
excites very different fenfations, its power of exciu 
ing them is conildered as depending on a certain 
quality it poflefles, or a peculiar fubtle principle 
prefent in it ; and which, according to its inteu« 
fity or quantity, will give rife to thefe different ef- 
feds. If the body applied contain a certain 
quantity of it, the fenfation of heat is excited ; 
if the quantity be diminifhed to a certain extent, 
that of cold is produced ; and the intenfity of 
either fenfation is proportioned to the accumula« 
tion or diminution of this quaUty or principle. 

This 









* 
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• Yhh pti\«er, whatevec he its natui e^ is capaltik 
of being communicated to all bodies. - WheR 
prefcnt in one, it may be transfefrred from it to 
aiiother ; and then the po\^«r of exciting the pe« 
culiar fenfation is 9K0 transfisrred : and tbis co.m^ 
Hiunicatioii may continue to b« made, till a peiK 
fed eqailibrinm of power is eflabiiibed. 

^ Miilofephers liave ftirdier obferved otber p^ 
culiar efieds which it produces. When a bodjit 
is heated, it is alfo invariably expanded, or its 
Tolame is augmented in every dire&ion ; when it 
is cooled again, the volume is diminiihed ; and the 
diminution or increafe of volume is always pro** 
portioned to the abftradion or addition of th^ 
peculiar power on which thelb e&<^ depend. 



, > 



It has, laftly, been proved, that when this 
panfion is carried to a certain extent, bodies 
change their forms, folids becoming fluids, a^d 
fluids being converted into vapours or airs, # 

Thefb eflfeds being thus infeparably conne^^*' 
ed, are juftly confidered as arifing from the exer«* 
tion cf the fame power, it has been diilingaiib- 
ed by different appellatbns ; as Fire, Heat, the 
Matter of Qeat, or the Igneous fluid,— terms no>;ir 

fuperfeded 









« 

fo Oaloric. 

* fuperfeded by the more uneyiceptionable appella- 
tion of Calorie. 

- By Caloric, then, is to be underftood, a power 
or qxiality prefent in bodies, the caufe of their '«x-r 
panfion, and of their converiion into the fluid and 
aeriform ftates ; ' and which, when prefent hn a cer- 
tain quantity, excites in animals the fenfation of 
heat ; the fen^ttion qf cpld being alfo the effed 
of its abftradion. * .' 

- - # 

Some have confidered this power, as a pecu^^ 
liar fubtle fluid diflfufed over matter, and capable ' 
of entering into every body : others have fup- - 
pofed all the phenomena exhibited by, heated 
bodies • to arife merely from a pecuUar Itate of 
thofe bodies, or, to fpeak more precifely, frona k • 
vibratory motion, more or lefs violent, of then: * ' 
minute particles. The queftion on this fulyea 
will be more properly difcufled after the eflfeds of 
Caloric have been confidered. It is fuflicient to 
remark, that whatever may be the nature of this 
power, its exifl:ence as the caufe of certain eflfeds 
is demonfl:ratcd ; and thefc eflfeas, their relations 
to each other, and the general laws according 
to which they are produced, may be invcftigated 

with 
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with fufficient prccifion, though , the nature of 
the caafe may remain unknown. 



1 
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J EFFECTS OF CALORIC. 

The ftate of a body, with refpedl to its power 
<^ producing the effefts above enumerated^ as a« 
rifing from the prefence of Caloric, is termed 
Temperature. In each body, the temperature 
depends on the quantity of Caloric it contains. 
If at any temperature it contain a certain quan- 
tity, th^ addition of more Caloric raifes the tern- 
perature,* or the body now poffefles the power of 
cxcitiAg either a weaker fenfation of cold, or a 
droQger fenfation of heat, and of producing in 
other bodies ^ greater degree of expanfion. An 
abftradion of Caloric equally caufes a redudliou 
of temperature. 

« 

Formerly the temperature of a body was efti- 
mated by the fenfation which it excites ; but the 
fenfations of heat or cold, Uke all others, are fo 
much influenced by external circumftances, inde- 
pendent of the direft caufc by which they are 
excited, that no dependence can, be placed in 

the 
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tht \^ppkrtfit refult : and eVeft iF tht tenfy^im 
did afford us acciitdte itiferthfitibn, it could do fii 
for only a very ftnall part of the range of tempc- 
raturc ; tfince, beyond a certain point of intenfity^ 
either of heat or cold, it admits of no difcrimina-- 
tion. 

The tnodc, tliiteFofe, ct ettitntlting ^he tern* 
j^eratufc dF bodies, by thte expanfiori they fuflfeir 
fiom ^he introdixafoh of Caloric, or the ihveh- 
Yibn of the Thermo^iieteir^ was an important at:* 
quifition. The h6nour of it is due 16 SanftoriuV 
irn Itafiati phyfician. Hie had obferVed the great 
fcxpahfioft whicb air undergoes wheti heated j and 
it occulted to hifn, that this eXpailfioh might bfe 
tded as a meafure of the variations of tteidipera* 
iure, by c6iifinitig thie air in a veffel, with a fmall 
^ tjiiantity of fltiid* Which, by its afcent ot liefcent, 
as it Was pteffed upon by th^ expandeid or ton- 
traded air, might (hew the niinute alterations df 
volume. This accordingly formed his air ther« 
mortiiiter, which, for diftinguifhitig very minute 
VariMiofts of tempemure, is ftill fomeldttfes cm- 
ployed. 

* 
Ati iihptiirtant imprbVemeh't was made in thfe 

ibfttumelnt) hy fubitUtutiog a fluid as the meafure 

. of 
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of eit^anfion, inftead of air; and conHning it in a 
Jtubc hermetically fealed. Alfcohol and Met- 
•cury are the fluids liow always employed : the 
fermer for meafuring low temperatures at which 
inertury would freessej the otlier, as being 
ftiore equable in its expanfions, is preferred for 
meafuring the variations of every other tempera^ 
ture to which it can be ap^ed. 

The therm&rtieter, confttuifted with cither cf 
l^efe fluids, confifts merely of a glafs ball^ which 
terminates in a long cylindrical tube, of a very 
imall bore, and partly filled ^vith the thermome- 
tHcal fluid. According as Caloric Is communi- 
cated to the fluid in the ball of the thermometer, 
or abftradled from it, its volume increafes or di- 
ininiflies, and it therefore rifes or falls in the tube. 
The changes of volume are accurately meafut* 
cd by a graduated fcale : and thus the tempera- 
ture (£ any body in contaft with the ball is afcet- 
tained« 

In 6rder that different thermometers may cot- 
Tefpond together, it is nccefTary that two fixed 
points may be eftablifhed« between which the 
fcale may be dii^ded, fo as to render it always 
unifbrm; Thefc poiMs Hhwe beik obtained in 
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the freezing and boiling of water. Water freezes 
always at . one precife temperature : if therefore 
the thermometer be immerfed in water which is 
freezing, or, what is the fame, in melting fnow or 
ice, the thcrmometrical fluid will defcend to a cer- 
tain part of the tube, where it ' will flop ; and if 

to 

this be marked,, we obtain one fixed point, which 
muftbe the fame in every thermometer. Water 
boils likewife under the medium preffure of the 
atmofphere always at one uniform temperature: 
if the thermometer, therefore, be immerfed in 
water, boiling under this preffure, the mercury 
Mill rife, and Hand at a certain part, which being 
marked, will afford us another invariable point ; 
and if thefe two points be conneded by a fcale, 
divided into any number of degrees, every inter- 
mediate tempterature may be afcertained with ac- 
curacy. In different countries, the divifion of the 
fcale has been different ; but when two points 
are thus fixed, it is eafy, by calculation, to bring 
them to correfpond with each other. In every 
thermometer, the fcale divided in a fimilar man- 
ner is extended from both thefe points^ defcend- 
ing from the one, and afcending from the other. 

Fahrenheit's and Reaumur's are the thermo- 
meters that have been generally ufed. In the 

former, 
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fbtmer, which is the one ufed in this country, the' 
fcale commences at the temperature produced by* 
a mixture of fnow and fe^a fait ;• this being the 
loweft temperature known in Fahrenheit's time. 
The range of temperature between this and the. 
freezing point of water, is dirided into 32 de- 
grees; that point, therefore, (lands at the 32d 
degree. That part of the fcale between the 
freezing and boiling point of water, is divided 
into 180 degrees. The latter point is therefore 

equal to 212. 

« 

The divifion of Reaumur's, which has been 
generally ufed in France, is more fimple. The 
freezing point of water is termed the Zero, or o ; 
and between that and the boiling point of water, 
there is a fcale divided into 80 degteeS| the point 
at which water boils being termed the 80th de- 
gree above o. To expirefs higher temperatures,' 
the fcale is carried on, divided into degrees equal 
to thofc inferior ; and in like manner to denote, 
diminutions of temperature below the freezing 
^int : a defcending fcale, divided into equal 
parts, commences at that point. 

The correfpondence between obfervations 
made with thefe thermometers is eaiily difco- 

vered* 



yext^. Each degree of Fahr^iheit's fcale is e^ 
qual to 4-9ths of a degree of Reaumur's. If, there- 
fore/ the number of degrees of Fahrenheit, reck-* 
Qued aboTe or below the freezing point, be mul* 
tipHed by 4, and divided by 9, the quotient will 
be the correfponding number on the &ale o£ 

Eeaumur. 

The centigrade thermometer, the ufe of which 
has heen hitely eftabliflied in France, has afcale 
in which the range of temperature between the 
freezing and boiling points of water is divided in- 
to loa degrees. 

In. order that the thermometer might be em^ 
played with certainty as an inftrument foir me»« 
jhring variations of temperature, it was necefiarT- 
to afeertain that the expanlion and contradioo: 
of the tfaermomyetdcal floid correfponded in e« 
very degree to the addition or abftra&iois^ ofcal- 
oric* Experiments have been made with gieat 
great care to determine this point, and it has 
beexi^ found that i{> fevcral fluids, as water,, fpirit 
and oil, the e^panfions do not exaSily carrdfpond 
to the increments of temperature. Mercury 
likewife fuflfers fome irregularitjes when its tem- 
perature rxfes nearly to its hoihng point.. But at 

all 






ali naiiiifal tesiperatures. it is found to be {iiSci«« 
entlj exad:; and it ifr theT«££»:e the fkiA of all 
others the moft pt?q)er for the conftrufSafm of the 
thennoaieter* Alkohol^ bowerer, muftb^^tie^ 
&m: meafizring yery bw tempefatures at which 
mercury would freeze. 

To nmfure very high tenipend:ure9^ different 
Methods have beea pccfpoSedL The osie that k 
generally ufed is that founded on the partieulatf 
property of clay, that it contra^lia inftead of ex^ 
panding by heat. This fonns the thermometer, 
or pyioraetefy of Wedgwood It confifts of two 
fiieces of brafs, fixed on a plate, fo as to be 6- xotjhs 
of an inch a£bnder at one end, and 5-iOths ae 
the ether: a fcale is marked upon them^ and 
fmall pieces of baked ckij are adapted to tUd 
gage, fo as merely to enter it. The higher 
the tempesattiire ta which one of theie pie- j 
ces of clay has been expof^d, the greater is the 
centiadlicm in its volume, and of coude the far<« 
ther dees it eater the gage. I£gh tempetatureff 
can tbu& be aicertained with tolerable accuracj^ 
Each degree of this thermon]«ter is equal to ija 
ofFahi{enImt-s. 

SSncd 



Since th^ employment of the thermometer, 
or rather of the expanfion of bodies as a tneafurc 
of their temperature, more juft and enlarged views^ 
have been acquired of the diftrihution of caloric.* 
While the property of exciting the fenfation of 
heat was the only one by which that power wajt 
charaderifed, it feemed an obvipus and juft con- 
clufidn, that thofe bodies which did not excite 
that fenfation contained no caloric or heat ; and 
this was then the philofophical, as it is ftill, per* 
haps, the popular opinion. 

Its fallacy, however, is eafily pointed out. 
That the fenfation which . bodies . excite is no juft 
indication of tha quantity of caloric they con* 
tain, maybe eafily ihewn, by ftatingthe man* 
iier in which thefe fenfations are excited. 

The temperature of the human body is gene- 
rally about 96^ of Fahrenheit.- When any fub- 
ftance at a higher temperature than this is ap- 
plied to our organs, it gives out caloric to the 
part to which jt is applied, and this excites the 
fenlation of heat ; when, on the contrary, it ir of a 
lower temperature, it abftrads caloric, and tliis 
gives rife to the fenfation of cold. Our fenfa- . 
tions, however, are all of them much influenced 
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by preceding impreffions. Our body is farrdund- 
cd with an air, at a temperature at leaft in this 
climate always inferior to the animal tempera- 
ture; it is therefore always abftrading caloric. 
Hence it happens that if any matter is appUed to 
the body inferior to its temperature, but fuperior 
to the temperature of the furrounding atmo- 
Iphere, the abftradion of caloric which it produ- 
ces is inconfiderable; and, compared with the 
impreffion which the air makes upon us, feems. 
hot, — in other words, lefs cold. 

I 

. In general, therefore, it may be affirn^ed, that 
whatever communicates caloric to our body pro- 
duces the fenfatibn of heatt, and that whatever 
abftrafts it caufes the fenfation of cold; but 
that abftraflion requires at leaft to be great- 
er than that made by the furrounding atmp- 
fphere, in order to convey to us the fenfation of 
pofitive cold. 

It is to be obferved too, that different bodies 
at the fame temperature will occafion different 
fenfations, according to the rapidity with which 
they abforb, or give out caloric. A piece of iron 
at 3a will feel much colder than a piece of wood 
at that temperature; becaufe the former abftraSs 

caloric 
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caloric from the hand, or whatever part of the bcu 
dy touches it, much more rapidly tfaaa the ather« 

From thefe cifcumftaBces, it is cTident, that 
the fenfation excited by a body is no accurate 
Bieafure of the caloric it contai^s^ and that the 
fenfation of cold will be excited by any fubftance 
whc^e tMQperatiure is inferiixr to that of the ani« 
xnal body, though that fub^tnce may, and ac- 
tually does contain a large quantity of caloric. 

That bodies at fuch a low temperature contain 
it, is evideirt from the fad that their temperature^ 
can be flill faither reduced. If the thermometer 
be immerfed itk water which is freezing, the mer- 
eury will fbnd at 32^ mi Fahr^dheit's fcale ; but 
even in the c(M of this climate, it fiiUs occafioa- 
ally much lower. At 32% therefore, the mercury 
m%A have contamed caloric, fince it is only by 
the abftradion of this power that it could con- 
trad in volume, and of courie defcend in the 
&sde. At Hudfon's Bay the mercury has defend- 
ed to 46 degrees below O of Fahrenheit, or jS 
below tbe freezing point of water, and in Siberk 
to a ftill lower point. At all def^rees, therefore, a« 
bore diis, the thermon^ter muft have contained 
odocic ; and even at that intenie cdd, of which 

It 
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it is difficult to form a juft cpnceptioti^ it muft 
htLYt contained muclv caloric, fince, by artificial 
means, a ftill further reduction of it could be ef- 
feded : and if di^ mercury in die thermometer 
contained caloric in thefe extreme colds, all l>o^ 
dies muft hare contained it, fince it is the invari- 
able property of this power to'difiUfe itfelf, till an 

of temperature is eftabliihed. 



But even at that teinper&ture, there is not the 

leaft reafoh to believe, that bodies were neat to be- 

ing deprived of their caloric^ fince even then their 

jiardcles muft hate been &r from being in adual 

eonta£l ; and it is only by the repulfive power 

of caloric that thefe particles are kept afunden 

lliis aflbhls a ftill mor^ enenfive view of the 

diftribution of this power. A fblid body is to be 

tonceived of as confifting of a number of parti« 

cles of the fame nature, kept at certain dif- 

tances from ^ach other by its agency or in- 

terpofitian : when a portion of caloric is with- 

diawn^ theie particles a||proach* nearer to each 

other ; and hence the dinsti ation of volume 

that takes place. But any condenfation hither- 

io eflfeded, is very far from that in which thefe 

{Nurticles would be in contaft; nor, perhaps, isfuch 

m conden&tion poffible. 

M It 
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It has farther been eftablifhed, that the floid 
and aeriform ftates of bodies are owing to the pre- 
fence of caloric: and therefore, as many fluids re- 
quire to be expofed to the moit intenfe cold in or- 
der to freeze them, as there are even fome which 
have not yet been frozen ; and further, as the 
greater number of the airs have not yet been 
brought even to the fluid ftate,-- ^it is evident that 
the lowed temperature which has been produced, 
is far from that point at which caloric would be 
totally abflraded. 

We are therefore " to confider all bodies on 
" the earth, and this planet itfelf, as penetrated 
" with an immenfe quantity of caloric, of which 
" it is-impoflible for us to deprive them entirely, 
" to whatever degree we may diminifh their 
" temperature." t 

It is a portion of this caloric that is fo fre- 
quently difengaged, and rendered fenfible, by 
chemical adion, as ia>the familiar example of 
combuftion. 



OF 
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OFEXPANSION. 

'1 ■ ■ 

O F the efTcds produced upon bodies by Cal- 
oric, the moft general is Expanfion. When the 
temperature of a body ^is raifed, its volume is 
augmented in every direction ; and when the 
temperature is again reduced, it contrails, and 
continues contrading, proportional in general to 
the redudtioh of temperature. « 

In different bodies, the expanfion produced 
by the addition of a given quantity of caloric is 
* very different ; folids are much lefs expanded 
than fluids, and fluids much lefs than vapours or 
airs : and in general it may be faid, that the ex« 
panfibility is inverfely as the denfity. It is only 
in a general fenfe, however, that this is true ; the 
exceptions to it are even numerous : metals, for 
example, are more expanded than glafs, by a gi« 
ven change of temperature, though they • are 
much more denfe. 

Neither are the cxpanfions in each body pro- 
portioned to the quantities of caloric it receives. 
If a certain degree of expanfion be produced by 

the 
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the coTnmunieation of a given quantity of caloric, 
that produced by a quantity double of the for* 
jner will not be precifelj double. In general it 
has been found that the eipanfions go on in an 
increafing feries ; they fuffer a greater degree of 
expanfion at a high temperature, than they would 
do from the addition of an equal quantity of cal- 
oric at a lower temperature. Mercury is more 
regular in its ezpanfions than any other fubftance 
that has been examined. 

To the law th^t bodies are expanded by calo* 
ric, there are fome remarkable exceptions. The 
freezing of fluids, or their tranfition to the folid 
date, is the moft general one. When a fluid has 
its temperature reduped, it continues to contraA 
with more or lefs regularity, till it reaches the 
point at which it becomes folid. In becoming 
concrete, however^ infl:ead pf following the ge- 
neral law, and contracting, it in many cafes ex-- 
pands, and in fome fluids, particularly water, its 
expanfive force is very great. This expanfion 
has been attributed to the extrication of a por-* 
tion of air, which the fluid held diflblved in it. 
This has fometimes a fliare in producing the ef- 
fed,but it is not the fole caufe; fince itftill takes 
•"^acc when the fluid has been previoufly freed 

' ftom 
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from ^r, or in fluids which contain non^. It has 
been explained on the fuppofition that the parti- 
cles of the fluid have a certain polarity, or teitdeo* i 
cy to unite by certain fides in preference to o- \ 
thers, when they afiume the fdid ftate, and thus i 
run into lines, applied to each othei' at a certaii^ 
angle, by which the volume is increafed* 

Water affords a iliU more Angular exception. 
It not only, in common with other fluids, expands 
in becoming folid, but it does fo, even for feve* 
ral degrees, before it arrives at its freezing 
point. This expanfion begins about the 4Qth 
degree of Fahrenheit. Previous to its tempe- 
rature being redaced to that point, its volume 
diminifhes as caloric is abi^raded from it ; but 
when it has fallen to the 4C>th degree, it begins to 
expand, and it continuets expanding, while its 
temperature is redficed to 32, at which it freezes. 
The caiife of this Angular phenomenon has not 
]^en pointed out. 

There is only one other exception to the ex* 
panfion of bodies from the entrance of calohc,-r- 
that of the peculiar earth termed Argil, which 
19 the principal conitituent part of the natural 

clays. 
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clays. It, and the feveral compounds in which 
it predominates, contract by increafe of tempera- 
ture! 

With thefe exceptions, all bodies which have 
not their compofition ojr texture changed by ca- 
loric, fuffer expanfion from its introduction, and 
contraft again when it is withdrawn. 

From the increafe of. volume in bodies from ca- 
loric, it is evident that their temperatures muft be 
attended to in eftimating their fpecific gravities ; 
fince a given volume of any body at a high tem- 
perature, muft weigh lefs than the fame volume 
at a low temperature. 



FLUIDITY. 

This is the fecond general effect: produced in 
bodies by the entrance of caloric. When a fdid 
is heated, it is expanded ; as its temperature is 
raifed, this expanfion proceeds, till its particles are 
feparated to fuch diftances as to be eafily move- 
able in every diredion : this conftitutes fluidity. 
By a redudion of temperature the particles again 

approach; 
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approach ; when within certam diilances they u- 

nite, and the fluid is brought back to the fc^ 
fiate. 

« 

Thefe changes of form depend on the adions of 
two oppofite powers upon matter. By the mu« 
tual attradion, or force of cohefion, which fubfifts 
between the particles of bodies, they are held to* 
gether fo as to form foUd mafles ; by the repulfi ve 
power of caloric, they are feparated to diftances 
at which this attra&ion ceafes. When the for-* 
mer force predominates, the body exifts in the fo- 
lid ftate; when the latter prevails, it pafles 
into the fluid form. Fluidity, therefore, is 
not eflential to any fpedes of matter, but 
always depends on the prefence of a quan* 
tity of caloric. Solidity is the natural ftate 
of every body ; and there can be no doubt 
that every fluid is capable of being rendered fo^ 
lid by a due redudion of temperature, as every 
folid may be fufed by the agency of caloric, if 
the caloric does not decompofe them at a tempe** 
rature inferior to that which would be neceflary 
for their f ufion. 

Fluidity diflfers from expanfion in the mode 
in which it is induced. Espanfion is pro^ 

duced 



duced gradually, there being as many degree* 
of it as there are degrees of temperature; whiici 
fluidity is in general fudden, and always takei 
place at a pr^cife temperature. 

^ In the redu-flion of fluids to the folid ftate^ 
there are fdme circumftances which have an in- 
ftuence in producing the change, independent of 
the mere abftradion of caloric. Thefe are agita- 
tion, and the introduftion of a folid particle of 
the fame kind of matter ; a fluid, water for ex- 
ample, may, by carefully avoiding agitation, be 
cooled feveral degrees below the temperature 
at which, without this precaution, it would becomci 
folid ; but the inHant it is agitated, its congela-. 
tbn begins, and its temperature rifes to that of it^ 
ufual freezing point. The fame eflfedl is produc- 
ed by bringing in contact with the fluid a folid 
iparticle of the fame matter, as in the cafe of wa*» 
ter, by placing a particle of ice dh its furface. 

Thefe phenomena have been explained, on 
the fuppofition that the congelation of water, and 
other examples of a fimilar kind, are cafes of 
cryftallization ; and that the dotation, by chang- 
ing the fltuations of the particles, places fome of 

them 



thettl ih ikt& pdfitidns in wliich :diey are difpof« 
td €6 unite. ^The contact of tbe folid particte fa<^ 
vours the freezing, by affording a nucleus, whence 
the cryftallization may commence. 

During li^efadbn, a quantity of caloric is 
abfbrbed by the body, which does not raife its 
temffer^ture; an important chemical phenomenon, 
the explanation of which muft be referred, until 
the queftion refpeding the quantities of caloric 
wlnoh bodies c^iHain, is xonfidered. 



OF VAPOmSATIOK. 



When a body tas beeti rendered fluid by cal- 
oric, by the farther addition of this power, the 
fiuid is expanded in the fame manner as when it 
cxifted in the ftate of folidity. This expanfion 
continuing to increafe as the tempetature is raif«^ 
cd, the particles of the body are at length feparat- 
ed to fuch diftances, that a change of form again 
takes place ; the attra£tion of cohefion is entirely 
overcome, a repulfive or elaftic power is acquir- 
ed> and the body becomes invifible, or palles into 
ttie aeriform ftate, This is the /i&ir^^ general 
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tffed: of caloric. It is properlj^ termed Vaporifa- 
• tion J the body exifting in this Hate is. termed Va- 
pour, Air, or Gas. 

» 

Some folids, by an increafe of temperature, are 
converted into vapours without palling through 
the intermediate (late of fluidity ; but when heat- 
ed under a greater preffure than that of the .at- 
mofphere, theife alfo may be rendered fluid. 

The difl:inguifliing property of bodies exifting 
in the gafeous form is Elafl:icity, or the capabili- 
ty of being reduced into lefs volume by preflure, 
and of expanding again when that preflure is re- 
moved. All the vapours and airs poflefs it, and 
it is nearly peculiar to theiQ. This elafl:icity i^ 
much augmented by increafe of temperature, and, 
it is often exerted with very great force. Their 
GompreflSbility alfo is very great. 

Rarity is another property Jiftinguifhing bo- 
dies in this foi:m. This rarity is fo great, that 
their particles are perfedly invifible. Vapours 
in the aft of condenfation become opaque, and 
fomte of the gases are difcernible by their co- 
lour. 



It 
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It is fcarccly neceffary to add, that Gravity is 
a pr6perty poflefled by all the vapours, or gases, 
fince they are all folid matters, brought into this 
form by the aftion of caloric. ' Their fpecifici 
gravities, however, although different from each 
other, are much inferior to that of any fluid, 

• / 

- The point at which bodies pafe into the g?feous 

ilate is very various. Some aflume it at fo low a 

temperat%ire, that even the moft intenfe cold 

that has been produced is infufficient to reduce 

them to the fluid form ; others are convertible in- 

» 

to vapour at a moderately high temperature, and 
condenfe again when that temperature is re- 
duced ; while there is a third clafs of bodies, 
the metals and earths, for example, not con- 
vertible into vapour but by the moll intenfe heat; 
there are even fome of them which have not fuf- 
fered this change. Thefe arc termed Fixtd, in 
contradiftinftion to thofe which are volatile, or 
eafily c(mvcrtible into vapour : but the term is 
merely relative ; as there can be no doubt 
that even thefe bodies are volatile, though it may 
be at a higher temperature than has hitherto been 
produced* 



this 
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This di&rence in the temp^aturet at which 
bodies aflume the aerial form, has given ri& to a 
diflindion eftabliflied in chemical; language — that 
between vapours and airs or gases^ Vapours a]pe 
tfaofe light iavifible elaftic fluids which, bj cold 
or preiiure, can be reduced to the liquid form» 
Airs, or Gases, (for thefe two terms are fynony- 
xnotqp are likewife invifible and elailic ; but their 
elafticity is pepmanent, or thej cannot by any coldl 
or preflUre which we can command be deprive^ 
cf their aerial Form. Atmofpheric air is one of 
thefe permanent gases; and there ate a number of 
others, diflinguiihed from each other by peculiaff 
chemical properties. 

The fame opinion has been entertained of the 
nature of the aeriform ftate, as was once mainr 
tained refpeding fluidity. It has been confideted 
as natural or eflential to thofe bodies which ex^ 
ift in it. But modern Chemiftry has fuffici* 
€ntly demonftrated, that the airs owe their form 
to the p^efence of caloric ; that could this \m 
fufficiently abftraded, they would, like the va« 
pours, be reduced firft to the fluid, and then 
to the folid ftate, and that they diflfef ffom 
thefe vapours in nothing, but in a^^uming 

the 






the s^nfonn ftaie %t a temperature extreme- 
ijr low. It is probable that means wiU be difco- 
vercd of producing temperatures ftill lower, Iq 
that thefe bodies may be deprived of their gafe- 
QU$ form ; two of them indeed, which were believ- 
ed to be permsinently elaftic, have, by extreme 
cold ^nd pre0ure, been reduced to the fluid date ; 
9ud as we have fucceeded in freezing mercurjfr 
and ether, which were once regarded as eflential*- 
Ij fluid; Chemifts may fucceed in condenfing at* 
mofpheric air, or other gases, and. ttius difcover* 
ing their folid bafes By cauling them to enter 
into con^bination with each other, or with other 
btodies, we obtain compounds in the fluid or fo« 
lid form ; and fuch combinations are always ac- 
companied with . the difcngagement of a largp 
qu^a^it J of calqric. 

The tr^fition of bodies to the aeriform ft^tie 
18 niijch influenced by the prefiure of the atmo- 
fphere. It refifts the expapfion of their baCbs fron^ 

the agency of caloric : hence, to produce this 

» 

change of form, ^ greater ri& of temperature is 
neceff^ry when that preflure is prefent, t})aa 
whea it is removed ; and by increafing the pref- 
iure, fluids may be heatpd to a very intenfe dc^ 
gr«e, Oa tl^ ip^uence of prefiure qr yaporifa- 

tion, 
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tion, depend the variations in the boiling point of 
fluids, from the varying preflUre of the atmo- 
fphere. 

Bodies, in paffing into the aeriform ftate, abr 
forb a large quantity of caloric, which does not 
incrcafe their temperature.-an important chemi-, 
cal phenomenon, which is to be immediately ex- 
plained. 

Although the attradion of aggregation, which 
is fo powerful in counteracting the exertion of 
chemical attradtion, is entirely overcome in bo- 
dies exxfting in the gafeous form, yet contrary to 
what we Ihould expeft, we find in them no great 
facility of combination ; on the contrary, as has 
been obferved in treating of the influence of ca- 
loric on chemical attradlion^ they combine in ma- 
ny cafes with difficulty, and only at a very high 
temperature. How are thefe circumiianc es to 
be explained ? . 

The caufe of the firft fingularity, the dfficulty 
of combination between bodies in the aerial form, 
is probably the great diftances at which their 
particles are placed. Each folid particle in a gas 
is undoubtedly placed at a confiderable diftance 

from 



c 



CALORIC* p^ 

* 

from the others, by the repulfive power of calo- 
ric : when two gases, therefore, are mixed, the par- 
ticles of the one muft remain at a diftance' from 
thofe of the other; and as chemical attradion 
is exerted only within a certain diftance, no 
combination can take place between them. 
Hence we find, that in the vapours, the facili- 
ty of combination is much greater than in the gas- 
es, becaufe in the former the particles are lefs fe- 
parated, and there is befide a perpetual tendency 
to condenfation ; that even amongft thofe of the 
permanent gases between which a ftrong chemi- 
cal attraction exifts, the repulfive power is over- 
come,' and the particles .brought into union ; and 
that ^ union is in general more eafily eSei^ed be- 
tween a gas and a body in the fluid or folid form, 
than between two gases; fince the particles of the 
one, being lefs feparated from each other, may be 
brought more nearly in contaft with thofe of the o- 
ther, and therefore any attradion exifting between 
them may be more effeduaily exerted. 



Another queftion more difficult remains to be 
folred. ^ How does the introdudtion of more ca- 
loric operate in efFefting the combination of bo- 
dies in the gafeous form ? Two gases may be 
mingled together without fhewing any tendency 

to 
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to unite ; but if a fpark be introddc^d into tHs 
tnixture, cirher from an ignited T>ody, or froto c 
ledricity, their combination takes place with 
pidity. Yet by fuch means we itould 
fuppoTe, that a greater expaiifion would be -pro- 
duced, and the particles fepanited to ^eacer dif- 
tanees. 

Is the following hypothefis adequate to the fo- 
lution of this difficulty ? When a fpark is intro- 
duced into the mixture of two gases having an 
attradion to each other, the point on which it 
falls is iniinediately heated to an intenfe degree ; 
whence aii expanfion, proceeding from that poiiit 
as from a centre, is produced; and this eitpanfion^ 
by the preflure it muft occafion on the furround- 
ing particles, will caufe them to approximate, arid 
thus to unite. The whole effe& is inftantaneous, 
and it is upon the fudden operation that it de- 
pends. Were, the caloric to be flowly introduceicl, 
the expaniion would be flowly extended over 
the whole mals, and would be equal through- 
out ; the particles, therefore, would be Hill far- 
ther feparated. But a fingle point being mete- 
ly heated to a high degree, while the furround- 
ihg particle remain at their ufual temperature, 
the expaniion from the former muil fuddenly 

prefs 
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|)fe0 upon the latter, much more quickly than 
the Umperature can be communicated. Tfaefe, 
therefore, inftantly approsdmate within the verge 
of chemical attradlion^ aad. thus the union mufl: 
be effefbed. After it ha^ taken place, more caU 
oric is rapidly, but fuccefavely , extiicate d by the 
combination itfelf, which will of courfe produce a 
iimilar effed on the rematnipg ma£s till the com- 
bination i$ completed. There are fome gases, 
however, from the union of which fo fittle caloric 
is extricated, that the introdudHon of a lingle 
,fpark is infufficient, and therefore a fbream of 
fjttnrks muft be kept yp. 



or THE PROPAOAtlON OF ClALORIC. 

AxL bodies^ are permeable to caloric, and it 
has a conftant tendency to diffufe itfelf over mat- 
ter, till an equiUbrium of temperature is eftabliih-- 
ed. It is impoffible to accumulate it in any body 
beyond a certain extent, or to preferve it in that ac- 
cumulated ftate. If a body, at a high temperature, 
is placed amongft a number of others at a low 
temperature, the excefs of caloric which it con- 
tains palTcs off from it, till it arrives at the fame 
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temperature with thofe around it : and in Eke 
njanner, when a cold bod^ is - placed among o- 
thers that are hot, it continues to receive caloric 
from them, till its temperature rifes to an equali- 
ty with theirs. This propagation of caloric takes 

place even through the Torricelian vacuum ;. and 
it is evidently owing to its repul0ve power which 
conftantly tends to an equilibrium. 

Bodies, in receiving or parting with caloric, 
do fo with very different degrees of celerity ; ibme 
being quickly heated, and as quickly cooled ; o« 
thers undergoing thefe changes much more flow- 
ly. If a number of bodies be expofed to a com- 
mon fource of caldric, they will all at length arrive 
at the fame temperature, but fome will do fo much 
more quickly than others : and if after they have 
attained this common temperature, they be re- 
moved from the fource whence they received cal- 
oxit, the fame difference will be obfervable in the 
celerity with which their temperatures fall. Each 
body always receives and parts with caloric with 
the fame celerity. 

The permeability of bodies to caloric is term- 
ed their Conducing power. Thofe which re- 
ceive and part with caloric quickly , are faid to be 

better 
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better condaAors of it, tWn thofe which re;, 
ceit^e and part with it more flowly. In general; 
the conducting power is nearly as the denfity of 
bodies ; thofe which are rare and porous, being 
lefs perfpd cqndudors fbah thdfe which are more 
denfe. Thus the metals are the bed condudors; 
But to this general rule there are many excep- 
tions. The heft conductors of eledricity are alfo 
the beft condudors of caloric, though neither is this 
corr<^pondence uniform. The exifting tempera- 
ture has a conliderable influence on the conduc- 
ing power ; caloric being tranfmitted through 
the fame body at different temperatures, with 
different degrees of celerity : at a high tempera- 
ture it parts with it much more rapidly than 
it does at a low temperature. The eelerity with 
which any body is heated or cooled, is cateris 
paribus, proportioned to the extent of contadl with 
the body by which caloric is added or abftraded. 
Hence the fame matter, when in mailes of equal 
weights, but of different figures, have their tem- 
peratures altered with different degrees of celeri- 
ty. 

From the difference amongft bodies in their 
power of conducing caloric, arifes the great dif- 
ference in the fenfation excited by their appUca* 

tion, 
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tion, when at the fame temperature, to oar or^bs* 
The fenfation of cold is produced by 'wfaatrvtx 
abftrads caloric from the part to whidti it had bem 
applied ; and of two bodies at the fame tempeta- 
ture, the one which is tlie beft condu&or of cc^lork 
will abftrafb it moil rapidly, and therefore occa*- 
iion a more intenfe fenfation of cold. Tlie fenik* 
tion of heat, again, is produced by whatever, com^ 
inunicates caloric to our organs; that body, there«- 
fere, which is the beft condudor, will aifo part 
with a larger quantity in a given time; and there** 
fore, when applied hot, will excite a ^ater fen- 
fation of heat, than another will do at the 
fame temperature, which is a worfe condo^lorii 
Hence a jaece of metal at a Jow temperature, api- 
pears to be much colder than a piece of wood, 
tho' their temperanires are (hewn to be the feme 
by the thermometer ; and on the contrary^ it wiJi 
at a high temperature appear likewife to.be hotter 
than the other. 

* 

* Many ufeful applications are made o£ this dif- 
ference in the permeability of bodies to caloric ; 
as in the different contrivances to prevent the 
wafte of heat in chemical operations, or to guard 
againft the eflfeds arifing from the fudden altera^ 
tions of temperature. The caufe of the warmth 

of 




of dMeretit kinds of dloiluagis likeii^ to be ex. 
plained from this difiereno^ of conduding\power. 

The preceding obfervations apply only to the 
c^nduding power of folids. With refpeia to fluids 
f #0 opinions ate at prdfent entertained ; one whidii 
eonfiders them as capable of €ondilding> culoric, 
though very imperfedly ; the other which fuppo- 
iib them abfolntely impermeable to this power. 

When caloric ts diftribiited over any mafe of 
matter, we conceive of it as paffing from one par:- 
tlcle to another, and this confiitutes the condud- 
mg power, this being more or le& peifed as 
the pafiage of the caloric is more or lefs ra- 
pid. In this way it was always imagined, that 
caloric might be diftributed through fluids, as 
well, as folids ; at the fame time it was id« 
lowed, that the diilribution through the former 
i|as, in part at leaft, effefted in another mode. 
When a body has its temperature xaifed, it is ex^ 
panded or increafed in volume, and confequently 
its fpecffic gravity becomes leis. If a portion of 
any fluid, therefore, be heated, it muft change its 
^ace and rife to the furface, another portion muft 
come int^ contact with the part firofh which the 
edoric is commumcated, be heated, and afcend ; 

and 
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and thus the whole mafs is fuceefiively brought 
into contad with that part, till a commoi;i tempe<- 
perature is formed, or the fluid is evaporated. 

Id both thefe ways caloric was conceived to 
be diffufed over. any mafs of fliud* The part 
which is heated afcends, and another portioa 
comes to be heated. At the '&me time it- was 
fuppofed, that the caloric is alfo communicated 
from one part of the fluid to the other parts with 
which it comes in cental:, and thus the tempera- 
ture of the whole is raifed more quickly than 
if it were diftributed merely by the fuccef. 
£ve applications of the fluid to the heated: 
furface. It ^as alfo fuppofed, that the condud-^ 
ing power of different fluids is very various ; and 
experiments were inftituted tQafcertain thefe dif-» 
ferences. 

In oppofition to this opinion, Count Rumfordh|6 
lately endeavoured to fliew,thatcaloric is propagat- 
ed thro' fluids folely in one of thefe modes, by the 
fucceflive applications of the £luid to the heated 
part ; and that the portion which is heated gives 
none of it^ caloric to the fefl: of the ma&. ^' AU 
♦'. though the particles of any fluid individually 
*« can receive heat from oth^r bodies, or commiif- 
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•' nicate it to them:; yet among thefe particles 
'* themfelveSy all intercbange and communicatioa 
*' 06 heat is abfolutely impoflible." Fluids, there- 
fi)re,.are perfe^ft noncondudors of caloric. ^ 

r 

f 

' Count Rumford was led to adopt this opinion, 
from obferving, that when a fluid i& heated, very 
sapid afcending and defcending currents are pro- 
duced in it; and. that .when the motions of its 
particles are impeded finom its vifcidity, or from 
the intermixture of folid matter, caloric is propa« 
gated through it with extreme flowne{s. Thefe 
fads he eftabhlhes by numerous and ftriking ex- 
petiments. 

He has alfo endeavoured to eftablifh it by 
miore dtred proof. It is evident, that if his o^u 
aion be juft, a fluid cannot be heated down- 
wards ; that is, if a heated body is applied to 
Hhe furface of the fluid, the portion in contad 
with it will ht heated, but, according to the 0- 
pnion, it cannot communicate caloric to the flu- 
id beneath it, and it will not change' its place, 
fince, by being heated, its fpecific grayity is di- 
miniflied^ fo that it neceflarily muft remain occu- 
pying the upper part : hence no change of tem- 
perature can take place through the mafs. 

The 



Tbe refearchea of Cannt Rumfdrd oa tfai^ 
fubjefl afibrd vtvy AxMng rcfults. He fijuod 
that water may lie heated fo far that it Ihall boil 
in the upper part of a gkfs tube, whAt that be* 
neath has not its temperature fenfibly increafed ; 
that water majr be even made to boil within i-4th 
of an inch of a furfece erf" ice, without imm«di-» 
ately meking it ; and that ice fixed at the bottom- 
of a cylindrical veflel, filled with boiling water^ 
Tmlt$ more than eighty times flower than whea 
it is allowed to fwim on its fuffacc. Nor would 
it even melt at all. Count Humford fuppofes, 
were it not for the Angular pi?operty poflfefled^by 
water, that when its temperature is reduced be- 
low 40^, a farther reduftion of temperature down 
to 32° does not diminiih its volume, but occafibns 
a degree of expanlion. Hence when the water 
in conta<a with the ice has its tempemture redu^ 
ced below 40° or 39°, it does not remain cowring^ 
it, but becoming fpecificaUy lighter afccnds. Its 
place isfupplied by water, whole temperature is 
fuperior by one or two degrees to 40J and th«$, 
the wholft mafs of water, after a certain length 
of time, is fucceffively brought into contaifl with 
the ice, andr cc^niamicates to it caldric, by which 
it is at length melted. From. this Angular faft^ 

Count 
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Count Rumford drev/ the conclufion, that if wa- 
ter be a non-condu6lor of caloric, a quantity of it 
at the temperature of 40'', maft be able to melt 
as much ice in any given time, when Jlanding 
on ksfurface^ as an equal volume of water at a- 
ny higher temperature, even though it were 
boiling hot ; a conclufion which, on experiment, 
he found to be juil. 

Count Rumford made ai variety of other ex- 
periments, to prove that caloric cannot be com- 
municated from one body to another, if a fmall 
quantity of any fluid, as of water, oil, or mercury, 
intervene, and if np part of that fluid change its 
place. From the whole he concludes, that fluids 
areabfolutely non-condudlors of caloric. 

. It is difficult to determine whether this con- 
clufion is ftridly juft, or whether fl uids only con- 
AnGt caloric with extreme flownefs. Although 
the greater number of Count Rumford*s expe- 
riments do no more than eftabliih the latter 
conclufion, yet there are fome of them, thofe 
particularly which were made to prove that ca» 
loric does not defcend through fluids, the refults 
of which feem inconfiflent with the fuppofition, 
thst a body in the fluid form pofieiSesanycondudt- 
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ing power. The experiments of other ChemHU, 
iris true, have been lefs fatvourable to Count 
Rumford's conclufions ; but all experhnents of 
this kind are liable to fources of fallacy, the ef- 
feds of which are much greater than we fhould 
a priori exped, andagainft which it is extreme- 
ly difficult to guard. In performing the experi- 
ment, which is the only one perhaps calculated 
to decide this queftion, that defigned to afcertain 
whether caloric defcends thro* fluids, — indepen- 
dent of other fources of error, it is fcarcely prac- 
ticable to prevent the caloric from being con- 
'duded by the fides of the veflcl. If a quantity 
of any fluid be put into a cylindrical glafs veflfel ; 
and if a thermometer, bent fo that its ball fhall be 
higher than that part of its ftem to which the fcak 
is attached, be placed at fome depth in it ; and if 
a hot fluid of a fpecific gravity inferior to th at of 
the other, be poured over its furface, it is evident 
that this fluid, coming immediately into contad 
with the fides of the veflcl, will give to them 
part of its caloric. This will be conveyed down- 
wards, and be immediately again giv^n out to 
the colder fluid in contaA with the internal fur- 
face of the glafs ; this, being expanded, of courle 
tends to rife, and muft extend itfclf, fo as to form 
a ftratum, which is continually augmenting. The 

thermometet" 
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thermometer is thus heated, fooner or later, ac* 
cording to the diilance between it and the hot 
fluid. If inftead of a hot fluid, a folid, as a ball 
of iron heated, be fufpended in the cold fluid, 
ft^U as it muft give put caloric tq the portion of 
fluid in which it is immerfed, the fides of the vef- 

N fel will be heated, though more flowly, and of 
courfe the fame fource of error will be introduc- 
ed. If, to obviate thii;, the veflel in which the 
thermometer is put, be placed in another filled 
with a cold fluid, though the quantity of caloric 
<;onveyed by the fides of the internal veflel wiU 

^ thus be lefiened, it cannot be entirely prevented, 
fi nee it mufl: flill give out as much caloric from 
ts internal as from its external furface. 

Every precaution that is taken to obviate 
this fource of errpr, fuch as employing a folid bo- 
dy as the medium for conveying caloric, ufing a 
vfery wide veflel to contain the' fluid in which the 
thermometer is placed, or placing the thermome- 
ter at a diftance from the heated body, tends e- 
qually to leffen the effed which would refult from 
the conducing power of the fluid, fuppofing it to 
pofiefs fuch a power \ and hence the difficulty of 
ccmduding the experiment fo as to obtain a cer- 
tain refult. On performing it with every precau- 
tion, 
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tion, I have found the rife of temperature indi- 
cated by the thermometer fo minute, that it could 
fcarcely be affirmed with certainty, whether it 
was produced by the conducing power of the 
fluid, or by the communication 6f caloric from the 
fides of the velTel. W ht n the thermometer was 
placed in the centre of a glafs veflel eight inches 
in diameter, and water poured in till it covered 
the bulb*two inches, on fufpending over it, and at 
the diftance from it only of i inch, a plate ©f 
brafs, three inches in diameter, and ^ inch thick, 
heated to 21 2 \ no rife was perceived for ten mi- 
nutes; in 20 mhiUtes it had rifen about one de- 
gree, and in 30, I J d gree, at which it becanie 
ftationary, and continued at this point for fifteen 
minutes before it began to fall. In . another ex- 
periment, the thermometer was placed in a jar, 
only three inches in diameter, and its bulb cover- 
ed with .water to the depth of one inch. This 
was placed within another veflel, into which wa- 
ter was poured, to the; fame height as in the inner 
one, and a thermometer was fufpended in it, to 
the fame depth in the fl id. A ball of iron i^ 
inch in diameter, was fufpended over the bulb 
of the thermometer, in the inner veflel, at a dif- 
tance of I 6th of an inch. The mercury foon be- 
gan to rife flowly ; and in twenty minutes it had 
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rlfen .6 degrees, when it became ftationary. That 
the, caloric, however, which occtiioned this rife, 
of temperature', was conveyed principally or fole- 
ly by the fides of the velTel, was proved by the o- 
th^r thermometer rifing nearly at the fame time, 
and rifing to the fame extent. From thefe expe- 
riments,^ it does not appear that the. conclufion 
can fairly be drawn, that fluids are capable of 
conducting caloric : they are rather more favour- 
able to the oppofite opinion. 

It had b^en known, that bodies exifting in the 
aerial form are very imperfeft condudors of ca- 
loric. Count Rumford. holds the fame opinion 
with refpeft to tbem as with refped to liquids : 
they may receive caloric from othei bodies, ei- 
ther folid or fluid ; but he fuppofes they are in-^ 
capable of communicating it from one particle 
to another, and therefore that the change of 
temperature in any mafs of matter exifting in 
the form of vapour, or gas, arifes foiely, as in 
fluids, from the motion of its parts, produced by 
the alteration in the fpecific gravity which the 
communication of caloric occafions. The experi- 
ments m fupport of this opinion are the fame in prin- 
ciple as thofe by which the non-conduding power 

of 
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of liquids is eftablifhed ; and the fame conclufion 
is probably ta%e drawn from them. 

To this impermeability of aeriform fubftances 
to caloric, the property which fpongy bodies have, 
of fufiering changes of temperature very flow- 
ly, is owing. All light porous fubilances, as furs, 
feathers, wool, and down, contain a large quan- 
tity of air in their interftices. As it cannot con- 
dud caloric, and as the motions of its particles 
by which it might tranfport it are much re- 
tarded, thefe fubftances are very imperfe<^ con- 
dudors ; they therefore furnifh the warmeft clo- 
thing, as they confine moft efiedually the heat 
of the body, and prevent it from being abftradl- 
ed by the furrounding colder atmofphere. 

Though fluids, elaftic and non-elaftic, are in- 
capable of conducing calonc, or condudl it with 
extreme flownefs, they are ftill, by their power of 
tranfporting it, adlive agents in heating and cool- 
ing bodies ; and it is by their means that the ge- 
neral difl:ribution of caloric is regulated, and the 
temperature of the globe rendered more uni- 
form. The atmofphcre and the ocean chiefly 
ferve the important purpofe of moderating the 
extremes of temperature, whether of heat or cold, 

ip 
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in every climate. Different fluids and airs, from 
difitrences in their fpecific gravities, their expan* 
fibilities, and their confiftence, will tranfport cal- 
oric with different degrees of celerity, and will 
confequently differ in the rapidity with which 
their temperatures are changed, or with which 
they change the temperatures of other bodies. 
Different bodies too, exifting in the fluid or aerial 
form, although all perhaps equally incapable of 
conducing caloric through their fubftance, differ 
much in the rapidity with wjiich they receive it 
from any other body, or with which they give it 
out, which gives rife to differences in their appa* 
rent conducing power. Mercury, for example, 
receives caloric more rapidly than water does, 
and of courfe parts with it more quickly : hence, 
at a low temperature, it excites a feeling of cold, 
and at a high temperature a fenfation of heat, 
much ftronger than water does. Mercury like- 
wife receives caloric more quickly than alkohol : 
hence the thermometer ^ith the one'fliews the 
temperature of any body applied to it, fooner 
than that with the other. 

From the combination of thefe circumilances, 
of the confiftence of fluids allowing a free motion 
of their particles, of the greater or lefs change 

produced 



produced in their fpecific gravities by change of 
temperature, and of the various degrees of celeri- 
ty with which they abftradl caloric from other bo* 
dies, or give it out, diflEerent fluids will be heat- 
cd or cooled with different degrees of celerity, 
though they may all be non-conduftors of. cal- 
oric : and on thefe differences many important 
natural phenomena depend. 

Befides thefe modes, in which changes of tein- 
perature amongfl bodies are propagated, either 
by caloric being communicated from particle to 
particle, or by its being tranfported by thange of 
place in the matter which receives it, or from 
which it is abftraded, there is ftill another roode, 
that by Radiation, or projeftion from the fur- 
faces of bodies, in right lines, with extiieme velo- 
city. 

' This property of caloric had been noticed by 

Mariotte, Lambert, and Scheele, but has been 
more clearly -cftablifhe d by the experiments of 
Sauflure and Pi6tct. They placed two concave 
tin mirrors oppofite to each other, at the diftance 
of twelve feet. When a hot body, a ball of iron 
for example, was placed in the focus of the one, 

and a mercurial thermometer in that of the other; 
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the mercury immediately began to rife, and con- 

tibued to afcend for feveral minutes. An iron 

ball, 2 inches in diameter, heated fo far that it 

v^as hot luminous in the dark, raifed the mercury J 

i^ot lefs than iot degrees of Reaumur's fcale^ 

in 6* minutes: . a lighted candle occafioned a 

rife in the thermometer nearly the fame : a glafs 

matrafs, containing 2 ounces 3 drams of boil* 

ing water, raifed Fahrenheit's thermometer 3 

degrees. The increafe of temperature was ftill 

greater when the ball of the thermometer was 

blackened. 

Thefe experiments prove, that from bodies at 
a high temperature a matter is thrown in right 
lines, capable of r^fledtion and concentration, 
which raifes the temperature of any body on 
which it falls. 

This matter, it has been farther proved, paffcs- 
with the greateft velocity, equal to that of light ; 
it is retarded in its paflage by the atmofpheric 
air, and by tranfparent fluids, as water, and ^ it is 
fcarcely capable of penetrating glafs. • It has alfo 
been fliewn by Dr. Herfchel, that it is capable qf 
refradlion. 

Q^ ^ vSauffurpc 
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Saoffure and Pidet drew the obtknis conclil-^ 
fions ftom tbefe experiments, that this matter 
wa« of the nature of calorie ^ and that it was mere- 

« 

ly that fubtle fluid in a date. of radiation. The 
phenomena have, however, been attempted to be 
explained in a different manner* Dr Hutton 
conceived it to be an unphilofophical aflumption, 
that caloric could be capable of radiatior) ; her 
tiierefore endeavoured to prove, that light is the 
agent concerned in thefe experiments. 

It is known that the rays of h'ght, when they 
fall upon opaque bodies, have the power of raif- 
ing their temperature. Dr Button affumes, as 
the bafis of his explanation, that the power which 
the different fpecies of light have of heating bo-' 
dies, is not proportioned to the power of exciting 
vifion, but that there are fome rays more power* 
ful in exciting this fenfation than in producing 
heat, ** The Gom^^>aund light, for example, whieb 
*' is white, has a greater power of giving vifion, itt 
proportion to its power of excitingheat; vrhere- 
as in the red fpecies, it is the oppofite: for 
" here the »power of exciting heat is great in 
" proportion to its power of giving vifion.^ f ' 

Dr. 
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Dr. Hutton, alTuming this princlpk, further ^ 
fuppofes, that a fpedes of light may be radiated 
frofti bo^es, capable of raifing the temperature of 
any fiibftance oa which it falls^ but not difcqrct- 
able by illuminatioa. And what hsfi been term- 
ed Radiant caloric^ he fuppofes to be merely ' 
light of this ki»d. 

This opinioQ is founded on the fimilarity in 
the motion of light, and of this radiant caloric* 
It is fuppofed to be improbable, that the fame 
niatter_fhould be capable of two kind^ of motion ; 
that caloric ihould be flowly propagated by e^ 
ananatioa from one body to another ; and that a^ 
tiotbcr portloa of it ihould, at the fame time, be 
thirown oSf in a rapid projedive motion. And as 
this i:adiant caloric pbierves in its motion all the 
laws peculiar to light, fince, like it, it is found 
capable of reflexion, and even of refiadUon, we 
may fupppfe with juilice their identity, if from, 
this fui^K>fition the jdienomena in queftion can ' { 

M 

be fatisfadorily explained. 

- ^ - - J 

The aflumption from wh|ch tiiis qpinion on» 

ginated, that caloric cannot, without abfurdity, ] 

be fuppofed capable of radiation, is entirely gra*i> 

tuitQUjs* There 19 no ^nepeflaiy conne^^oa be« 
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tween the propofitipn that light radiates and the 
conclufion» that caloric muft be incapable of ra- 
diating. It is indeed fufficiently evident, that 
although light alone has been hitherto obferved 
to radiate from bodies, it does not ^oUow that 
no other fubtle matter may not move in the 
fame manner. The prefent queftion cannot 
therefore be decided by fuch reafoning, but only 
by afcertaining the properjties of this radiating 
matter ; and thus determining whether, upon the 
whole, thefe , properties are more analogous to 
thofe of caloric or thofe of light, 

« ■ 

It will be obferved, that the refemblancea 
which have been noticed between this matter 
and light, relate merely to the mode in which it 
is moved, in other words, to their mechanical pro- 
perties, their being alike capable of radiation, re- 
flection, and conderlfatibn. But thefe points of 
refemblance, are infufScient to identify them, un*. 
lefs it were firft proved, that light alone is capa« 
ble of radiation, 

A circumftance which has been fuppofed to 
eftablifli their identity is, that the augmenta- 
tion of temperature, from the radiant caloric, is 
much greater, when the bulb of the thermome- 
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ter 6n Wluch it is thrown is blackaacd, than When 
it is not. This cireui^aftancQ appears to connedl it 
clofely with light,, .fince the heat which light Ex- 
cites is ^ways greater in bodies of a dark colour, 
than in thofe which are of a lighter fhade ; and ac 
cordingly Dr. Huston ftiles this the exp^rinuntum 
tnicis^ in foppor t of his opinion. But what is the 
caufe of this peculiarity in the heating power of 
light ? It is, that its particles Undergoing nume* 
rous reflexions and refradions, in the pores of 
dark coloured bodies, it is retained more com- 
pletely, whilft when it ftrikes upon thofe of a 
lighter colour, it is in a great meafure refledled 
from their furface. But if it is afllimed, that ca- 
loric is fubje6t to the fame laws of motion as lights 
and is capable, like it, of refledionand refradion, 
the fame effedt ought to follow, when it is thrown 
by radiation upon a black body; and the circum- 
ftance that this adually happens, does not tend 
more to identify radiant caloric with light, than 
the more general fa£l, which neceflarily muft be 
ailumed, that they move according to the fame 
laws. This peculiar circumftance, therefore, 
fumiilies no additional argument for their identi- 
ty, nor does it extend the analogy between tl^iem. 
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Tliere are.feTeral fn-operties in A^ich taiHant 
caloric difl^rs widely from light, (o much fo as to 
tender improbable the conclufion^ that they are 
the tamt. 

In the firft place, the calorific rayg are incapa^ 
ble of exciting viiion; nor is .this owing to their te« 
miity, fiuice, when cbncentrated, they ftili do not 
produce any fi^nfible illumination. 

Again, light pafies with facility through rar« 
media, through tranfparent fluids, and through 
glafs ; but this radiant matter, it is ihewn by the 
experiments of Pidet, is retarded in its pafi&ge e* 
ven by the atmofphere, it does not pafe through 
fluids, and is Scarcely capable of penetrating glais, 
while it heats it confiderably, |f we fuppofe it 
analogous in its natuie to light, thefe differences 
are not accounted for : if it is fuppofed to be ana< 
logous to caloric, they are at once explained, iinoe 
the caloric, paifing through t^e air, and ftili more 
through glafs, muii *m put be, Tetaioed^ 

* 

A ilill moire important diiTerence between 
light and ^caloric feems to exift with refped to 
their chemical qualities. Light poflefles certain 
pfaeipicsil properties, by which it is charaderifed 

a5i 



as II ptcvXM kind of mutter. Scnnebier long, sn 
go remarked, that the different rzjs of light pof^ 
fefled the dme chemical properti^w in a very d]& 
ferent degree > that the violeti for example; ptfci^ 
duced a peculiar chemical effed, that of blackeiu 
ing the muriat of filver in fifteen fecoittls, while 
the red did not produce the iame effec^ in left 
than twenty -minutes. The late valuable experi* 
ments of Dr. Herfchel have fhewn that in the rod 
rays, alongft with vifible light, there is intermix* 
ed a large proportion of radiant caloric^ wliile the 
violet rays contain fcarcely any of it, but are near- 
ly pure li^t. ' By thefe fads, therefore, it is ren«« 
dered extremely probable, that radiant caloric 
does not poflefe the chemical properties by which 
light is charaderifed } and I have accordingly found 
by experiment, that the radiant caloric emitted 
by bodies at a high temperature has no eff ed, like 
that of light, in darkening the colour of muriat 
of iilver. But if H diilindion is to be efta^lUhed 
between two bodies, it is evident that it moil be 
drawn chiefly from the compArifon of their che« 
mic^ properties : if thefe differ, the conclufion 
fdQows that they ace different kinds of matter. 

Laftly, it may juftly be queftioned, whether 
light pofleflcs any power of heating bodies*; and if 

.it 
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it do not, it is evident that the hypothefis advance 
ed by Dr, Hutton cannot be applied to the ex- 
planation of the phenomena of radiant ealoric.^ 
The late experiments of Dr. Herfchel appear at 
firft view to be favourable to Dr. Huttotf s opi- 
nion,'fince they eftablifh the truth of the fuppofi- 
tion on which it refts, that the different vifible 
ravs have different heating powers*; they fliew 
that the red rays are much more powerful in this 
refpeft than the green, and the green ftill more 
than the blue, or the violet. But by farther 
pointing out the caufis of this difference, they af- 
ford the flrongeft argument which can be urged 
againft it. Thefe experiments prove, that in fol- 
ar light a matter exifts, which, without being ca- 
pable of exciting vifion, is powerful in producing 
heat, — a matter which is capable of refledion, re- 
fraction, and condenfation, and is indeed nothing 
elfe than radiant caloric. When a folar beam is 
decompofed by the prifm, thefe calorific rays be- 
ing lefs refrangible than any of the vilible rays^ 
are in a great meafure feparated from them, and 
being aKo of different degrees of refrangibility are 
extended over a confiderable fpace. It is found, 
that the heating power difcoverable in the prif- 
matic fpedrum is greateft in that point where 
t)us invifible calorific matter is accumulated, and 

that 



tkt^tte^ tit 

that it diminifhes from that poinf towards the 
Inore refrangible vifible rays, till in the violet^ 
which are the moil refrangible, and which are of 
courfe at the grcateft diftance from the invifible 
calorific matter, it is eitremely weak. It is eyi- 
dent, that fince in the folar light, a matter exifts 
different fitom vifible light, which is powerful in 
exciting temperature ; fince this caxinot be per^ 
fe&ly feparated from the vifible rays, and fince 
the more completely it Is feparated, the kfs heat^ 
ing power do thefe poflefs^ the fuppofition that' 
light, apart from this radiant caloric, has any pow* 
er of raifing the temperature of bodies, is not only 
unfupported by any proof, but the oppofite con- 

clufions follow as extremely probable, that pure 

- « 

light is deftitute of any fuch power, and that it is 
on the prefcnce of this invifible calorific matter 
that the heating quality of the folar rays depends* 
But if thefe conclufiohs be admitted, it is evident 
that the hypothefis of Dr. Hutton muft be relin- 
quiflied, jSnce the phenomena of radiant caloric 
(Can never be explained on the fuppofition that it 
is a fpecies of light, if light itfelf hai no power of 
^ugmdnting temperature. 

From the confideration of- thefe fadls it may 
be concluded, that the peculiar invifible calorific! 

R - matter 



matter wbich has been found to be emitted in 
right lines from heated bodies, and which is alfii 
prefeot in the folar rajs, is rather caloric thao 
light, iince its properties are more analogous to 
thofe o£ the fonner than tfaofe of the latter. . 

Or, perhaps, what is termed Radiant caloric maj 
be merely caloric combioed with a quantity of lights 
to which it may owe its capability of radiation, re- 
fl:e^Qn ap4.rcfra<%oo, whilf it ftiU retains its heat- 
ing] power ; nor is it improbable, that even the 
difiereat vifible rays may be cQmpofed of puro 
light, to which different quantities of calorie ad- 
here, and that from this may be derived the dif-^ 
ference which exifts in their power of raifing the 
temf^i^ajtur^^ of bodies* The violet ray will thu9 
be light in its pureft form,, while the red ray will 
baye the largeft proportion of caloric, wd will 
thei[efo^e appros^ch. nioit nearly in its properties 

to radiant caloric. 

•■ 
I'* ■ 
Pifitet difcovered another very fingular fa(£^ 

refpecting the tranfmiflion of caloric,— the appa- 
rent radiation and refledion of cold. When, 
inftead of a hot body, a matrafs full of ice orfnow 
is placed in the focus of one of the ntiirrors, the 
thermometer m the focus of the other inunedi- 

ately 
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ately falls, mi afcends ag^n whenever the cold 
body » removed. 

This phenomenon may be explained on the 
fuppofition, that from every body Jtt every tem- 
perature caloric radiates, but in lefs quantity as 

the temperature is low ; fo that, in the above ex- 
periment, the thermometer gives out more calor- 
ic by radiation, than it receives from the body in 
the oppofite focus, and therefore its temperature 
falls : Or, as Mr PiAet has fuppofed, when a num- 
ber of bodies near to each other have the fame 
temperature, there is no radiation of caloric, be- 
caufe in all of them it exifts in a ilate of equal 
teniion ; but ^s foon as a body at an inferior tem- 
perature is introduced, the balance of tenfion is 
broken, and caloric begins to radiate from all of 
them till the temperature of that body is raifed to 
an equality with theirs. In the above experiment, 
therefore, the placing the fhov or ice in the focus 
of the one mirror caufes the radiation of caloric 
from the thermometer, and hence the diminution 
of temperature which it fuffers. 
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OF THE COMPARATIVE QUANTITIES OF CALORIC WtflCH 

BODIES CONTAIN. 

In, homogeneous bodies, the quantities of cal- 
oric which they contain are proportioned to their 
tecnperatures and quantities of matter. If one 
pound of any fubftance at a certain temperature 
contain a certain quantity of caloric, two pounds 
of it will contain double the quantity, or one 
pound, at the temperature of ioo°, will contain 
double the quantity which one pound at the tem- 
perature of 50° does : hence when equal quantities 
of a homogen^eous body at different temperatures 
are mixed together, the temperature which re- 
fults is the arithmetical mean between their re- 
fpeftive temperatures previous to mixture. That 
this fliould be the cafe is nearly evident a priori ; 
for the particles of different portions of the feme 
matter being alike, their powers mufl be equal. 
There is no caufe why one portion fhould have a 
^ relation to caloric different from the other, or re- 
quire a different quantity to raife its temperature. 

It might be fuppofed that the fame law would 
be obferved in the diflribution of caloric in hete- 
rogeneous bodies, that the quantities of it which 
they contain would be proportioned to their tein^ 

peratqres 
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peratufes and quantities of matter, — in other 
words, that any number of bodies at the fame 
temperature would, in equal weights, contain e^ 
qual quantities of caloric. 

On making the experiment, however, this b 
not found to be the cafe. If a number of bodies 
of different kinds, alkphol, oil, mercury, water, 
and others, in equal quantities, and at the fame 
temperature, be expofed to a common fource of 
caloric, they will all receive it, and in a certain 
time arrive at a common temperaturp. But it 
will be found, that in arriving at this tempera-*, 
ture they haye abforbed very different quantities 
of caloric ; the water will have taken in , more 
than the alkohol, and this more than the others. 
It is evident, therefore, that altho' we fuppofe 
that~at the beginning of the experiment they 
contained equal quantities of caloric, they muft 
at the temperature to which they are raifed con* 
tain unequal quantities. 'But the fame caufe that 
difpofcs one to abforb more caloric than another 
continues always to operate ; and it is according- 
ly found, that at every point in the fcale of heat 
different i)odies contain very different quantities 
of cabric^ in the fame weights and at the fame 

I:emperature3« 
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Boethaave firft inferred, from txx experiment m 
vhtch equal quantities of mercury and water at 
diQerent temperatures were mixed, that thefe 
two fluids in equal weights contained unequal 
quantities of caloric/ Dr. Black further fbew« 
cd, that the quantities they contained were not 
proportioned to their volumes, as Boerhave had 
fuppo&d; end by inveftigating this fubjed, he 
drew the general conclufion, which numerous ex- 
periments by other chemifts have eftablifhed, that 
the quantities of caloric contained in heterogene- 
ous bodies at the fame temperature, are propor-* 
tioned neither to their weights nor rolumes, 
but are in ratios Which cannot be referred to 
any of the obvious qualities of bodies, and can 
therefore be afcertained only by ai9xial experi* 
mcnts. 

The general experiment by which the quan- 
tities of caloric which bodies contain are afcer- 
tained, is that of mixing together equal weights 
of two different bodies at different temperatures, 
and obferving the temperature produced. 

In homogeneous bodies, as has already been 

obferved, the tenlperature produced by mixing c- 

qual quantities of them at different temperatures, 

i$ 



r 






CAlOfLICL t%^ 

is always the arkhinetical mean between the teotw 
pefilture of each; the excels of caloric wioch the 
oae c<mtaiBs abore the other being equally di« 
vidbd between them, and pn)ducicg ' the iame 
riie of tempcratUEe ia the one portion^ as it 
does of redudion of temperature in the other. 
But when the fame experiment is made with 
two heterogeneous bodies, the refult is entirely 
difierent ; the temperature produced never be- 
ing the mean of the two original tempesa- 
tures. Thus, if one pound of water, at the tem- 
perature of 156, be mixed with one pound of 
mercury at the temperature of 40, the tempera* 
tare which refults is not the arithmetical mean, 
9%, but is not leis than 152. This proves that 
the change of temperature produced in the one 
by a certain quantity of caloric, is entirely differ* 
ent; from that produced in the other by the fame 
quantity ; for the water in this experiment hav- 
H^ hjEid its temperature reduced from 156 to 1^2^ 
has loft only 4 degrees ; but thefe have raifed 
the temperature of the mercury, not lefs thaa 
1 1% degrees. The quantity of caloric, therefore, 
necefiary to raiie the temperature of one pound 
of water 4 degrees, is fufficient to raife that of aa 
equal weight of mercury 112 .degrees; or the^ 
quantity requifite to raife the temperature of one 

of 
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of thefe fluids one degree, raifes the other ig/ 
This will be the cafe at every temperature ; and 
therefore at any point in the fcale of heat, the 
quantity of caloric contained in water is to that 
contained in the fame weight of mercury as 
a8 to i# 

If the experiment is varied by mixing water at 
a low, and mercury at a high temperature,- the 
refult is the fame. If one pound of mercury, at 
j(56, be mixed with one pound of water at 40, 
the temperature produced is 44. The mercury 
has been deprived of a quantity of caloric, which 
has reduced its temperature 112 degrees, and this 
quantity has raifed that of the water 4. In this 
manner, when equal weights of two different 
bodies are mixed together, the temperature pro-= 
duced is always nearer to the temperature of that 
body which contains the greatefl; quantity of ca- 
loric, becaufe it requires the greatefl: quantity to 
produce in its temperature any chang6. The 
proportion is alfo indicated by the experiment ; 
the alterations of temperature, and the com* 
parative quantities of caloric contained in different 
bodies, being rcciprocaUy proportioned to each o- 
then 

When 
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When, inftead of comparing the quantities of 
caloric which equal weights o£ different bodies 
contwi, we compare the quantities contained in 
equal volumes^ we ftill find that a fimilar differ- 
ence exifts. Thus it is found bj experiment, that 
the quantity of caloric necefiary to raife the tern-- 
perature of a given volume of water any number 
of degrees, is to that necellary to raiie an equal 
volume of mercury the fame number of degrees, 
as 2 to I. This is, therefore, the proportion be« 
tween the comparative quantities of caloric which 
thefe two bodies contain, eftimated by their vo« 
lumes ; and fimilar difierences exift with refpeft 
to every other kind of matter. The comparative 
quantities of caloric in bodies are ufually eftimat-. 
ed fix>m equal weights of them ; the experiments 
fi>r this purpofe being in general more eafily exe^ 
cuted, than thefe by which they are eftimated 
from equal' volumes. 

The property by which different bodies con- 
tain their refpedive quantities of caloric, has been 
termed the Capacity for heat, or, to adapt the 
expreifion to the language of the eftabliihed 
nomenclature, the Capacity of a body for con-> 
taining caloric. This term is not defigned to 
point out any particular cauie, mechanical or * 
I S chemical \ 
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chemical; neither does it exprefs any vague ob- 
fcure idea* as haa been aliedged. It is merely 
a general cxpreffion to denote the property which 
bodies have of containing, at the fame tempera- 
ture, and in equal quantities, either of weight or 
volume, certain quantities of caloric. That they 
do fo, is unqueftionable ; there mufi, thereforie, be 
fuch a property, and it is this which is termed the 
capacity for containing caloric. 

It has not been difcovered on what circum- 
fiances the difference in the capacities of different 
bodies for caloric depends. It is not invariably 
cQnne<5led with any of their obvious qualities; for 
although in general, rare bodies have greater ca« 
pacities than thofe which are more denfe, the 
conceptions to this are extremely numerous. Ox^ 
ygen gas, for example, has a fpecific gravity 
fomewhat fuperior to that of azotic gas ; yet its 
capacity, inflead of being lefs, is greater in the 
proportion of about 5 to x ; and water has a capa- 
city to that of mercury as 28 to i, while the dif* 
ference in fpecifio gravity is only as rto 14. The 
capacities of bodies, therefore, cannot be eftimat« 
ed by their denfity, but muft be determmed by 
as^tual experiment. 

From 
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From the nature of the cxpwmcnt by which 
the quantities of caloric which bodies contain 
are afceftained/ it is evident, that we difcovcr 
merely the comparative, not ,the abfolute quanti^ 
ties. We find only how much caloric a body 
gives out, OS abforbs, during a certain change of 
temperature ; and by observing, at the fame time^ 
the change of temperature which the body from 
which it has received or to which it has given 
caloric fuffers, we niay afcertain the comparative 
quantities neceflary to produce equal changes of 
temperature in thefe bodies. But we do not 
learn the proportion which the quantity in each 
bears to the whole caloric which it contains ; and , 
therefore the capacities <^ different bodies are to 
be confidered as merejly comparative. Hence it 
becomes neceflary to fix on one body, as a ftan- 
dard to which the others may be referred. Wa- 
ter has been chofen as this ftandard ; its capacity 
is dated at the arbitrary term of 1000, and with 
this the capacities of other bodies are compared. 
Thus the capacity pf arterial blood is flate^ at 
1030, indicating, that if at any temperature a cer- 
tain quantity of water be fuppofed to contain 
1000 degrees of caloric, the feme quantity of ar- 
terial blood at the fame temperature will contain 

1030 degrees. 

Water 
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Water has likewife been fdeded as the fub- 
fiance with which any body is mixed, when the 
capacity of this tody is to be afcertaincd, and for 
this purpofc it is the moft convenient, from its 
mixing eafily with the greater number of bodies, 
and not exerting in general any chemical adion 
on them, Which can modify their attradions. 
Where, from exerting fuch an aftion, it cannot be 
employed, mercury, oil, or alkohol, may be ufed. 

This method of afcertaining the capacities of 
bodies for caloric, by mixing them at different 
temperatures, is liable to many fources of error, 
againft which it is difficult entirely to guard; Sub- 
ftances having different fpecific gravities cannot 
be-immediately intimately mixed together fo that 
every part of the mixture fhall attain the fame 
temperature J land during the time .employed in 
mixing them, a portion of caloric is abftradled by 
the veficl and the furrounding atmofphere. Hence 
the quantities of the bodies ufed in the experi- 
ment, the degree of agitation by which they are 
mixed, the celerity with which dilferent bodies 
part with their caloric, their fpecific gravities, 
their mifcibility with water, even the fize and 
fhape of the vefTcl, and the compofition of the 
matter of which it is formed, have all ah influ- 
ence. 
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ence, more or lefs confiderable, on the refult. 
Dn Crawford, in his excellent treatife on this 

fabjcdl, has given a number of cautions found^ 
on thefe circumflances, and neceffary to lie at- 
tended to in making thefe experiments ; but ftiU 
errors, to a certain extent, can fcarccly be avoid- 
ed, and evidently give rife to the differences in 
the experiments of different chemifts. 

From confidering«the difficulties attending the 
method of afcertaining the capacities of bodies oy 
mixture, and alfo that it is not poffible to api/iv 
it to thofe- bodies which, when mixed, exert a 
chemical adlion on each other, fince fuch an ac- 
tion changes entirely the exifting capacities; La- 
voifier and La Place propofed another medio 1 of 
afcertaining the comparative quantities of caiuric 
in different bodies. This method is founded on the 
fadl, that ice in melting abforbs a quantity of caloric, 
which is always the fame. One pound of ice, for ex- 
ample,by whatever means it may be melted, abforbs 
« quantity of caloric equal to what would raife the 
temperature of one pound of water 135 or 140 
degrees of Fahrenheit's fcale. If, therefore, any 
fubftance the temperature of which is higher than- 
32° of Fahrenheit, be fuppofed to be included in 
a fpfaere of ice, fo that the caloric which it will 
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I^e out ihall be communicated entirelj to the 
ice, and to it alone» from the quantity of ice 
iq/clted, the . quantity of caloric given out by a 
bodytduring a certain redu(^ion of temperature 
uriU be difcovered, and of courfe its capacity 
will be afcertained. On this principle is con^ 
flrufted the Calorimeter^ the inftrument which La- 
voifier and La Place propdEed. It confifts of a 
tin vcffel filled with ice, and which, to prevent 
the communication of caloric from the external 
atmofphere, is inclofed in another vefiel likewife 
containing ice. The fubftance operated on is pla- 
ced in a fmall cavity in the middle c^ the inn^ 
vcflel : the water which is produced from the 
melting of the ice is meafurcd when the experi- 
ment is completed. 

It has been found, however, that this method 
of difcovering the capacities is likewife^ liable to 
errors, particularly from the influence of the tem- 
perature of the atmofphere, from part of the wa- 
ter produced being retained in the pores of 
the ice by capillary attradion, and from the 
temperature not being uniform through the whole 
apparatus,— fo that the two oppofite proceffes of 
freezing and thawing fpraetimes go on at the fame 
time. It is, therefore, very doubtful whether 

the 
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the refuhs which have been obtained from it, are 
more accurate than thofe from the more fimple 
mode of mere mixture. 

The capacities of a great number ofbodies for ca« 
loric have been afcc^rtained by the experiments of 

Irvine, Crawford, Layoifier and La Place, Wilcke, 

» 

Gadolin, and other chemifts ; and have fetved as 
the bafis of many important applications to the ex« 
planation of chemical phenomena. From changes 
of capacity arife both the evolution and abforp* 
tion of caloric which accompany chemical ac^^ 
tioo, a rife of temperature being produced when 
the capacities of the fubftances z&ing on each 
other are diminifhed, and a redudion of tempera^^ 
tare following from the reverfe. On this princi« 
pie are explained the extrication of caloric produ- 
ced by combuilioh, refpir^tion, and other chemi* 
cal procefles, and the abforption of it which takes 
place during the folution of falts in water, or the 
action of different falts upon each other. 
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OF THE qUANTITIES OF CALORIC WHICH DIFFERENT 
FORMS OF THE SAME BODY CONTAIN. 



Besides / the general law which has been de- 
monftrated, that different bodies, m equal weights 
and at eq*aal temperatures, contain unequal quan- 
tities of caloric, it has further been eftabliffaed, 
that a fimilar law exifts with refped to different . 
f ms of the fame kind of matter : a body in the 
fluid form contains more caloric, or requires a 
larger quantity to produce a given change of tem- 
perature in it, than it does while folid ; and in 
the date of air or vapour, it contains ftill more cal- 
oric than it does in the fluid form. Hence, when 
a folid is melted, or a fluid is converted into va- 
pour, a quantity of caloric is abforbed, which has 
no effed in producing augmentation of tempera- 
ture. 

This general fad was difcovered nearly about 
the fame time by Profeffor Wilcke of Stockholm, 
Dr. Black, and Mr. De Luc. It is one of the 
moft important in chemiftry, from the ektcnfive 
applications of which it admits^* 
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tt& truth 19 fufficienjtly eyid^nt, wheh the phen^ 
0mena attending liquefs^dion and vapcHrifatioHi 
arc alteati V0I7 . examined. When caloric is con^- 
municated to a folid body, ^n incfeafe of tempe- 
rature is produced, and the temperature conti« 
nues to rife while the caloric continues to be add* 
ed, till the body arrives at its melting point : but 
whenerer it begins to melt, the life of tempera* 
ture ceajGesi though the addition of caloric be con- 
tinued as before ; and the fluid, as it forms, re-* 
mains at one point till the fufion is comjdeted. 
In this cafe then it is ^evident, that a quantity of 
caloric difappears ; for it. continues* to be added 
to the body, but has no eSk&i in raifing its tern-* 
perature« 

. ' • • • 

. r . ■ ■ ^ * 

. The cafe is the ikme wheo a fluid is Converted 
into vapour. Its temperature is firft raifed to a 
certain point by the communication of caloric to 
it } it then begins to aflume the gafeoias form : 
but though the commimication of caloric be ilill 

the fame, the temperature, neither of the fluids 

» 

which is evapomting, nor of the vapour formed, 
is raifed, but remains ftationary at that point 
in the thermometrical fcale at which the ccku- 
. verfion into vapour commenced, till the whole 
: be cviaporated. It is evident, there&re, that 
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ki thi< ^afe alib a quantity of td^i^ is al>forb- 
.fed by tht Vapotir fontted, wHh^Jat havfeig a- 
ny effed in raxfing its temperatute. The fluid 
or vapour^ afttr it is fdrmed,^ like o^tt b<^id^, 
had its teiiiperature mifed by additions of <alori<j^- 

It was fr^rti confidcring thefc kiiowft fads, 
iitat Dr. Black concluded, that during liquefac- 
tioti and "^aporifatkm a quantity of caloric is loft, 
becomes kt^ftt, or p^^s into the body without 
raifil>g its tenipe4:ature— a conclufion which he e- 
ilsrblifhed by the iddft fimpk but decHive ^xperi- 
meiQts. He &ewed, that when a pi^e of ice is 
expofed ;to a w&tm 4tink>fph4reV its temperature 
rifes till it arrives at the ^id degree of Fahren- 
heit ; but the rife of temperature then flops till 
tiie whole is melted though it is all the time re- 
cdv^ calork : isinAhc fouind t^icalculatjioi), tbat 
..one. pound of ki? in nielting i^bforbs not Ms than 
. 140 degrees of calGdric, the Demperaiuve of the wa- 
t^r into which it is c^nrerted ftiU remaining at 
ga^ This refuit he confirmed by adding direct- 
ly to i poit»dof;ice at.32° i pound of water at 
j^y^*'* . The ice wa[S melted^ but the teniperature 
ci the whole Amd^ in^iead of being the mean 
TO2?^ ^as only 32^ f 140 degrees of caloric bad 

thef efow 



thtKufon itk t^r3$ iathe former expeiknrat, d^l. 
appeared* 

Expcriroenjts fimilar to thefe were made by Dr. 
Irvine on fpermaceti, wax, and other bodies; an^ 
by Landriani on feveral of the metals : aiad in all 
tbefe fubAance$ w abfprption of caloric accom- 
panied their fufiop. . 



In the gpnYcrfion of bodies fror* the ^id into 
the aeriform ilate^ 9 fimUar abforption of caloric 
takes place, though the temperature of the va- 
pour ftill remains the fame as that of the fluid 
fioitt which it 1^ £}rmed. To dempnftrate this 
by experiment, Dr. Black hcgted a quantity of 
waiter., ia a ftrouj i)hial, clofely corked, till its 
temperature rofe la degrees above ?i2^ its ufual 
boilins; point. On drawing the cork quickly, g 
f mall portion of water rulhed out in vapour, and the 
temperature of the remaining fluid funk inftantly 
to*ia.^ Ten degrees t)f caloric, thjprefore, had 
been abfbrbed by the quantity of vapour that ef- 
caped. Mr Watt, by heating the water under a 
ftill flronger preflure, that of an iron veflel, raifed 
its temperature to 40:^^ $ yet ftill when the pref- 
fare wa3 removed, only part of the water was con- 
yegtei into vapour^ and the. temperature of this 

vapour. 
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vapour, as well as that of the remaining flu 
was no more than iI2^ There were therefc 
?88 degrees of caloric abforbed in its formatio 
which had no efiedl in producing anj rife 4 
temperature. 

The fame general fa£l is farther proved by the 
great degree of cold produced by the evaporation 
of certain volatile fluids, as ether, alkohol, and 
even lifeter, the fluid, in evaporating, abforb- 
ing a quantity of caloric &om the furroundinfj; 
l)odies, . 

ft 

All thefe fadls fully prov6 the truth of the 
general proportion , that when bodies paTs from 
the folid to the fluid, or from the fluid to the 
gaseous form, a quantity of caloric is abforbed, 
which has no effed in raifing the temperature of 
the fluid, vapour, or gas, which is formed. 

This caloric is again difengaged and ren* 
dered fenfible, when the i body returns to its 
former fl:ate. 

If a fluid is expofe^ to an atmofphere colder 
than what would be fufficient to freeze it, its 
femperature is gradually reduced, till it arrives 

at 
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at its Reeling point. But whenever it readies j 

this, its temperature becomes ftationary, and con* \ 

tinues fo till it is completely frozen, though the ] 

colder atmofphere is ftill abftradiijg caloric from 
it, as before. Dr. Black, by an experiment of 
this kind, found, that a pound of water in freez- 
ing gives out the fame quantity of caloric, 
as a pound of ice b^d ^bforbed in becoming 
liquid. . 

• I • • ■ 

There h anqther experiment, in which thfe 
extrication of caloric from this cauf4 is rendered 
fenfible. By avoiding agitation, any fluid, wa« 
tcr, for example, is, capable of being cooled a 
number of degrees below its freezing point If, 
when cooled thus far, it be agitated, it immedi- 
ately becomes folid, and from the evolution of 
calbric 'which accompanies the change of form, 

ft 

its temperature inftantly rifes to that of its ufual 
freezing point. ,^ 

A fimilar extrication of caloric, attends the re- 
du£tion of a vapour, or gas, to the fluid ftate. 
Thus if a certain quantity of aqueous vapour be ' 

condenfed by receiving it in water at a low 
temperature, the water has its temperature raifed 

much 
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mmh higher than it would by the addition <£ the 
fimie weight of water, the temperature of which 
was. as iiigh as that of the vapour. Mr» Watt^ 
by cohdenfing by mechanical force a quaiiti« 
ty of aqueous vapour, the temperature of which 
was no more than 4iia% found, that as much calo^ 
ric w^s difengaged *' as would be fufBcient to 
^ ratfe the temperature of an eqt»l weight qf » 
'^ body having the fame capacity as water, and 
" which would not evaporjjte, 943 degrees of Fah- 
** renh^s fcale," In like manner whenever a . 
{permanent gas is by any means depriveci i»f its 
gafequs forw, c^oric is ipxtricatedt 

By theie fads the general truth i$ eftabliihed« 

that -* when bodies, m coniequence of expofur^ 

** to heat, have ^rrive4 at tb? melting or boiling 

^^ points, they abforb a quantity of heat, whiph 

** does not in^reafi^ their temperature ; and on 

" the contrary, when vapours are conden&d, oir 

^* non-elaftic fluids are congealed, they part with- 

*' the heat which they had formerly aWorbed/- 

This portion of caloric is termed Latent^ to di(^ 
tinguiih it from that which contributes to pre« 

jferre or raife the temperature of bodies, which ia 

t^tm^ ^enfiblei caloric, Thefe terms are fyno- 

nyraous 
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HyttiDus witb the latent tett^ and fenfifak lasat of 
m. Black. 
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^ 

I 
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On this abibxption of caloric attending thtttige ^ 

of form, many important chemical afid iiaturd 
phenomena depend ; as th^ uniformity and fixity 
of the freezing and boiling points, the fl(>wnefs 
With which la!rge cpUedi6ns erf water are frozen, 
ot lar^e malfes of ice are melted, the cold produc- 
*ed by evaporation, and the heat by condenlation 
oifvapour. '- * 

Different -opinions have been entertained re- 
fpefting the canfe of this phenomenon which ac- 
com{ianies liquefaftion and vaporifatioh, Df. 
Black confidered the abforption of caloric as the 
caufe of the change of form, and as necefiary to 
the conftitutidn of the fluid or vapour. * 2>e Luc 
went a flep further, and fappofed that the abforp- 
tion of caloric is a chemical combination of it with 
the fubftance np^lted or evaporated, and that to 
this combination the change of form is owing* 
Dr. Irvine propofed a third opinion, very different 
frMi thefe : he confidered the abforption of cal- 
oric, not as the caufe, but the confequence oiF the " 
change of form, from the capacity of the body be- 
ing enlaiged. ,. 

Of 
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Of thefe opinions, thit adtanccd by Dr. Black 
can fcarcely be confidered as oppofed to- th^ 
which afcribcs liquefadion and vaporifadon fe> a 
chemical combination of taloric ; firicc/if the^b^ 
forption and kt<jnt ftateof caloric be the catife 
of tho change of form, it is probable that it isfo 
bv an adlioa of thiskiod. It is this dodrine* then, 
or caloric entering into chemical union with the 
body fafed or evaporated, that is to be confidered 
as oppofed to the explanation of Dr. Irvine. The 
former is the one which is generally received^ but 
it, is very doubtful whether it is founded in truth* 
It is founded only on fome general analogies, — 
principally on the analogical argument, that if 
caloric be matter, it muft be fubjecl to the laws of 
chemicaKj'and that in the particular cafes of H- 
quefadion and vaporifation, the phenomena are 
iimilar to thofe which take place in the combina* 
tion of other chemical agents. 

The firft of thefe argutnents is of no force ; fof 
although the materiality of caloric fhould be ad- 
mitted without difpute, yet it is certain that its 
properties and relations to other bodies are alto- 
gether peculiar ; and therefore no argu^lent cart 
be eftabUftied on its analogy to them, for no fuch 
.analogy exifts. We have every reafon to be- 
lieve 
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ykve that k is not iv^t&. tflM#e attrition of gra.. 

'if 

Vitation, and we J^now th^% it is an antagon^ to 
the att«ii^$H$i of cohc^fic^. So far, therefore, are 
die propf ides it poBkBks frotti leading to the con* 
ciufion that it taa& be endowed with aU the ge- 
neral {HX>penies and afTe&ions of matter, that they 
lead to the oppofite conclufion : for if analogy is 
to have any weight, iince caloric is not fubjed to 
the attradions of gravitation and cohefioil, the 
jpidfamption follows, that it will be alfo exempt 
£rom the influence of chemical attraction. 

Hbe othet argi^mtot, that derived from the 
anategy between the abforption of caloric in the 
€sll^ of liqiiefadtoh and vaporifation, and chemi- 
eai combination in general, feems more conclu- 
iiv^9 and it is the obfervation of this analogy that 
has given rife to the opinion. When one chemi^i 
eal agent is merely mixed with another, the pro- 
Arties of neither are altered; but when chemically 
combined, they are more or lefs changed ; and 
this cMCibination always takes place in certain de- 
terminate proportions. Caloric afts upon matter 
m a manner fimilar to* this : it may be diffufed 
through bodies to a certain extent without having 
its properties altered ; but in liquefadioh and va-« 
porifation it is united to the body, fo that its pro-* 

U perties 
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petties are entirely 16ft. Ought not this, in con* 
formity to general analogy, to be afcribed to its 
having formed a chemical union ; cfpccially fince 
it is abforbed by different bodies in different quan- 
tities;, but always in certain determinate propor- 
tions — circumftances which extend the analogy 
between this abforption and chemical combina- 
tion ? 

But though it feems fo far complete, when 
more minutely examined it will be found ex- 
tremely deficient. We know of no cafe of che- 
mical combination in which the properties of one 
of the bodies combining are entirely loft, while 
thofe of the other are not altered ; but in lique- 
faclion and vaporifation this muft be fuppofed to 
be the cafe, fince, though the properties of the ca- 
loric abforbed can no longer be recognifed, .thofe 
of the fubftance fufed or evaporated remain the 
fame. Every folid too may be rendered fluid, 
and every fluid converted into vapour ; and con- 
fequently it muft be fuppofed, that caloric is ca- 
pable of combining chemically with every pthtr 
body, — a property pofleflfed by no other chemical 
agent. And, laftly, the cojitad: of any body at 
a low temperature is fuflicient to reduce a vapour 
to fluidity, or a fluid to the folid ftate j and in fuch 

cafes, 
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cafes, the caloric abftra£t^d.^does*not enter into 
combination with the body to which it is conlmu- 
xiie9tedi>bat;,is merely diffufed through it fo as to 
rai£b its teiifperature. But that union cannot be 
termed cjieipical whiqh is not eleftive, 911^ which 
can be fo eafily br.oken, one of the principles being 
abftraded without the interference of a flronger 
affinity. 

The opinion of Dr. Irvine is better fupported. 
Its principle, that a change of capacity takesi 
place, is eftablifhed by experiment, and it ac- 
counts fatisfat^orily for the phenomena. ^ 

That the abforption and latent ftate of caloric 
which take place injiquefadion and vaporifation, 
are fully accounted for by the fuppofition that the 
capacity is increafed, cannot be doubted. If any 
body have a certain capacity, and if by any means 
the capacity be increafed, nothing can be moi'e 
evident than that a proportional abforption of ca« 
loric mull take place, which will not caufe the leaft 
increafe of temperature. If therefore in fufion and 
vaporifation an increafe of capacity does take place> 
the phenomena which ought to be produced are 
precifely thofe that are adlually obferved. 

That 
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OF THE qUANTITIES OF CALORIC WHICH DIFFERENT 
FORMS OF THE SAME BODY CONTAIN. 

Besides the general law whic^ has been de- 
monftrated, that difFeient bodies, in equal weights 
and at eq*ual temperatures, contain unequal quan- 
tities of caloric, it has further been eftablifhed, 
that a fimilar law exifts with refpeft to different . 
f ins of the fame kind of matter : a body in the 
fluid form contains more caloi;ic, or requires a 
larger quantity to produce a given change of tem- 
perature in it, .than it does while folid j and ia 
the date of air or vapour, it contains ftill more cal- 
oric than it does in the fluid form. Hence, when 
a folid is melted, or a fluid is converted into va- 
pour, a quantity of caloric is abforbed, which has 
no effed in producing augmentation of tempera* 
ture. 

- • * i 

This general fad was difcovered nearly about 
the fame time by Profeffor Wilcke of Stockholm, 

I 1 * 

Dr. Black, and Mr. De Luc. It is one of the 
mcrfl important in chemiftry, from the ektcnfive 
applications of which it admit;. 



Its 
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Its truth 13 fufficieoitlj c:\4dOTt, whcU the phen^ 
ttmcDa attending liquef^dion and vapcMrifatioi], 
arc att^tltively . examined. ; When caloric is coo^- 
municated to a folid body, an incfeafe of tempo* 
mature is produced, and the temperature conti* 
nues to rife while the caloric continues' to be add* 
ed, till the body arrives at its melting point : but 
wheneyec it begins to melt, the rife of tempera* 
ture ceajGeSf though the addition of caloric be con- 
tinued as before ; and the fluid, as it forms» re-* 
. mains at one point till the fufion is completed. 
In this cafe then it is evident, that a quantity of 
caloric difappears ; for it cbnrinues* to be added 
to the body, but has no t&Gt in raifing its tern* 
perature« 

. The cdfe is the iatne whe^ a fluid is Converted 
into vapour. Its teniperadire is firft raifed to a 
certain point by the communication of caloric to 
it } if tlien begins to aflume the gafeous form : 
but f hough the commimication of caloric be ftill 

the fame, the temperature, neither of the fluid, 

» 

which is evaporating, nor of the vapour formed^ 
is raifed, but remains ftationary at that point 
in the thermometrical fcale at which the con* 
verfion into vapour commenced, till the whole 
be evaporated. It is evident, therefore, that 

T io 
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in tl)is cafe al(b ^ quantity of tkU)i^ is abforb- 

> 

td hf tht Vftpotir fom^A, WkhMtt ha^llig a- 
ny effed in r^ng its temperature. The fluid 
or Yapear^ aftti* it is formed,^ like othet* Wi^, 
has its tenlf^eratttire mifed by additions of calori^t 

It was fV<^ conlidering thefc krtowft Faite, 
iiiat Dr. Slack conollided, that during liqu^ac- 
tioia atid ^aporifation a quantity of caloric is loft, 
becomi^ bt^tit, or pd^s into the body without 
m&t^g its teaip6l:ature^-^a conclufion which he e- 
ftablifhed by athe la^ft finrple butdecHiveHexpeYi- 
meiuts. He iliewed, that when a ptece of ice is 
expofed to a warm 4tiiio^>li«re> its t^pe^ature 
rifes till it arrives at the 32d degree of Fahren- 
heit ; but the rife of temperature then flops till 
the whole is melted though it is all the time re* 
ceivibg caloi^ r^aQd he found byicalculat^on^tbat 
.one pound of ki? in meiting ahforbs not Ms than 
. 140 degf ees of icalofic, the temperatuwj 4Df the wa- 
t^r into which it is ceBEtTertcd ftill remaining at 
g(l^ This refidt he confirmed by adding direct- 
ly to i poinid'of . ice at.32'' i pound of witter at 
I'j^^, . Th^ ice was melted, birt the temperature 
^ the whole %mi^ inftead of i>eing the mean 
: KiZ?^ Was ottly 1%"" ; 140 degrees x)f caldtic bad 

thet efove 
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th^Ktkte ift tlikf^$ in the foriner expenmsnty di^ 

appeared. 



Expcriroents fimilar to thefe were made by Dr. 
Irvine on fpermaceti, wax, and other bodies; and 
by Landriani on feveral of the metals : and in all 
thefe fubAance^ ^n abforptbn of caloric accom« 
j)anied their fufio^* . 



• ' • . ' ' 

lo the pQn yerljon of bodies frocdi the ^id into 
the aeriform ftate^ ^ fitnUar abforptjon or caloric 
takes place, though the temperature of the va,- 
pour ftiU remains the fame as that of the fluid 
{torn which it U formed. To demonftrate this 
by experiment. Dr. Black heated a quantity of 
tw^te^:;, in a ilrong phial, clofely corked, till its 

tentperature rofe i a degrees above ?i2^ its ufual 

» « - 

boiling point. On drawing the cork quickly, a 
f mall portion nf water rufhed out in vapour, and the 
temperature of the remaining fluid funk inflantly 
t0 2I9.^ Ten degrees x>f caloric, therefore, had 
bpen abforbcd by the quantity of vapour that cf- 
caped. Mr Watt, by heating the water under a 
flill fbronger preflure, that of an iron veflel, raifed 
its temperature to 400^ $ yet fl:iU when the pref« 
fare wa^s removed, only part of the water was con- 
yorted into vapour^ and the. temperature of this 

vapour, 
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vapour, as well as that of the remaining fluid, 
was no more than al2^ There were therefore 
1 88 degrees of caloric abforbed in its formation, 
which had no eflfedl in producing any rife of 
temperature* 

The fame general fa£t is farther proved by the 
great degree of cold produced by the evaporation 
of certain volatile fluids, as ether, alkohol, ancl 
even Iffeter, the fluid, in evaporating, abforb- 
ing a quantity of caloric from the furroundinj 
bodies. 

All thefe fads fully prov6 tjie truth of the 
general propofition, that when bodies pals from 
the folid to the ^uid, or from the fluid to the 
gaseous form, a quantity of caloric is abforbed, 
which has no effed in raifing the temperature of 
the fluid, vapour, or gas, which is formed* 

This caloric is again difengaged and ren« 
dered fenfible, when the , body returns to its 
former ftate. 



If a fluid is expofcd to an atmofphere colder 
than what would be fufBcient to freeze it, its 
temperature is gradually reduced, till it arrives 
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at its freezing point* Bat whenever it reaches 
this, its temperature becomes ftationary , and con«» 
tinues fo till it is completely frozen, though the 
colder atmofpherd is ftill abftracShog caloric from 
it, as before. Dr. Black, by an experiment of 
this kind, founds that a pound of water in freez- 
itilg gives out the fame quantity of cAloric, 
as a pound of ice bi^d abforbed in becoming 
liquid. . 

t . . - 

* * * 

There 16 another experiment, in which thfe 
cxtricaticm of caloric from this cauf<t is rendered 

• 

fenfible. By avoiding agitation, any fluid, wa* 
ter, for example, is, capable of being cooled a 
ttumber of degrees below its freezing point If, 
When cooled thus far, it be agitated, it immedi- 
ately becomes folid, and from the evolution of 

• ■ ^ > 

caloric 'which accompanies the change of form, 

ft 

its temperature inftantly rifes to that of its ufual 
free2ing point. ; ^ 

• * i 

A fimilar extrication of ^paloric, attends the re- 
dudion of a vapour, or gas, to the fluid (late. 
Thus if a certain quantity of aqueous vapour be 
condenfed by receiying it iii water at a low 
temperature, ^e water has its temperature raifed 

much 
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much higher than it would by the addititm of the 
brae weight of water, the temperature of which 
was. as iiigh as that of the vapour. Mr» Watt^ 
by condenfihg by mechanical force a quanti^ 
ty of aqueous vapoiiir, th^ temperature of which 
was DO more than 'il^^ found, that as much calo-r 
:iric was difengaged ^' as would be fufficieat to 
^ xw£^ the temperature of an ^qiial weight qf : » 
** body having the fame capacity as water^ and 
" which would not evaporate, 943 degrees of Fah- 
^ rtvb^i fcak." In hke mdiitQer whenever a 
j^ermaDent gas^ is by any means depriveci i»f its 
gafcQUfl fornn caloric is ^extricated* 

By thei^ fa^s the general truth is eftabliihed, 

that *' when bodies, m coniequeQce cf expofure 

** to heat, have arrived at th^ melting or boiling 

*^ points, they abforb a quantity of heat, whi^h 

*^ does not in^reafe their temperature ; and gn 

•* the contrary, when vapours are pondenfed, or 

^* non-elaftic fluids are congealed, they part with- 

*' the heat which they had formerly abforbfd.*- 

This portion of caloric is termed Latent^ to dif* 
tinguiih it from that which contributes to pro^ 

jG^rte or raife the temperature of bodies^ which is; 
tPTfm'i -Senfibte caloric. Thefe terms are fyno- 

nymous 
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fiymbus m& the latent i^tt, and fenfifate heat of 
Sh. Black. 

On this ablbrpticm of caloric attending <:htt{ige 
of fomii many important chemical aiid natural 
phenomena depend ; as th^ uniformity and fixity 
of the freezing and boiling points, the flownefs 
With which large wlledibns of water are frozen, 
^ large rnalfes of ice are melted, the cold produc- 
^d by evaporation, and the heat by conden&tion 
df vapour. '- 

r 

Diflferent t^inions have been entertained re- 
fpefting the caufe of this phenomenon which ac- 
companies liquefaftion and vaporifatioh. Di. 
Black confidered the abforption of caloric as the 

. caufe of the change of form, and as neceffitry to 
the conftitution of the fluid or vapour. - JOe Ltic 

• went a ftep further, and fuppofed that the abforp- 
tioii of caloric is a chemical combination of it with 
the fubftance melted or evaporated, and that to 
this combination the change of form is owing« 
Dr. Irvine propofed a third opinion, very different 
from thefe : he confidered the abforption of cal- 
oric, not as the caufe, but the confequence of the " 
change ^f form, from the fcapacity of the body be- 
ing enlaiged. .. 

Of 
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real zero, therefore, may be fuppofcd to be at that 
number of degrees below the freezing point of 
water. This- calculation has been in fome de- 
gree confirmed by other cxperimpnts. Dr. Craw- 
ford, by afcettainmg the capacity of water, the ca- 
pacities of its conftituent principles, and the quan« 
tity of caloric evolved wbeii they combine, fixes 
the zero at 1500 below o of Fahrenheit ; and Mr 
Gadolin; by obferving the changes of temperature 
refulting from the folution of muriat of foda in 
water, or from the combination of Tu^huric aci4 
and water, and comparing them with the changed 
that ought to take place from the differences in 
the capaicities produced, ftates it at 1400. Thefe 
refults, confidering the errors to which fuch 
experiments are fubjeiSb,^ muft be regarded as 
agreeing nearly with each other. The experi- 
ments, however, of Lavoifier and La Plac* afford 
refults entirely different from thefe, and even 
from each -other; and the errors to whidi fuch 
experiments are unavoidably liable render every 
conclulion on this queftion extremely doubtful^ 

From the diverfity ^f opinions among che- 
inifts refpeding the ftate in which caloric exifls in 
bodies, feveral^forms of iexpreflion have been in- 
^iroduc^d, which it is proper to notice. 

free 
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tteve that k is not fubjed t4^ attr^aEion of gra^ 
Vztation, and we Jmow that k is an antagonift to 
the B,UJC%^!tif» of cohofion* So far, therefore, are 
the propftdes it poflefies from leading to the con- 
ciafion that it tnusll be endowed with all the ge- 
neral -ptapeniiQB and afiediom of matter, that they 
lead to the oppofite conclufion : for if analogy is 
to have any weight, Jince caloric is not fubjedl to 
the attradions of gravitation and cohefioi), the 
^Tcyfamption follows, that it will be alfo exempt 
£rom the influence of chemical attraction. 

The othet argi^ontot, that derived from the 
anategy between the abforption of caloric in the 
cta^ of Uqtiefadioh and vaporifation, and chemi-* 
eal combination in general, feems more conclu- 
iH^9 and it is the obfervation of this analogy that 
hias girtn rife to the opihioti. When one chemi-- 
eal agent is merely fnixed with another, the pro- 
Arties of neither are altered; but when chemically 
ceml»ned, they are more or lefs changed; and 
this combination always takes place in certain de- 
termiaate proportions. Caloric afts upon matter 
HI a manner fimilar to' this : it may be diflufed 
through bodies to a certain extent without having 
its properties altered ; but in liquefadion and va« 
porifation it is united to the body, fo that its pro- 
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in this cafe al(b a quantity of <kU)4t is abforb- 
ed by the vapour formed, witk<]»at ha^i^ a- 
nyeffed in railing its temperature. The fluid 
or Tapour, i^er it is formed,^ like othet* b^i^^, 
has its teittper^ture mfed by additions of^alori^^ 

It wa§ ftotti confidering diefe ki^owfi fads, 
that Dr. Black concluded, that during liquefac- 
tion and traporifation a qutotity of caloric is loft, 
becomes btent, or p^ffes into the body without 
raifing its temp^ature— ^a conclufion which he e- 
ftablifhed by the sftoft fimple but decifive experi- 
ments. He ihewed, that when a pirce of ice 19 * 
€xpofed .(o a. warm atiifofphttre^ its t^fifiperature 
rifes till it arrives at the 32d degree of Fahren- 
heit ; but the rife of temperature then flops till 
the whole is melted though it is all the time re* 
ceivik^ €»\<xm :^^ndiiefinuid byicalcula^on^tbat 
one pound of icie in melting Jthforbs not lefs than 
.140 degrees of<:alofic/the temperature df the wa- 
t^r into whi$:h it is ccmT^rted Hill remaining at 
ga^ This refolt he confirmed by adding dire£t« 
ly to i pound'of. ice at 32^ i pound of water at 
Ip,"^, . The ice was melted^ but the temperature 
of the whole fimd, iQ:ftead of beirsg the mean 
KJ2?^ Was bttly sa"* ; 140 degrees of taldric bad 

thet efow 
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xeTtfPV^, into tire w^fdplddgifKc doiSrim, msA^castt 

tft leftgeh to bt confidetcd as nearly si idemooflnit*; « 

ed truth, ^ 



Hie opinioii of Sacoti hiu, however, been lifcte. 
ly revived, and is fupported by arguments fo ibr- 
<iible, that the queftion refpedting the n^tiire (tf* 
4:aIork is at prdfent more than ^rer a ful^eift of 
difputa. , 



The faCks ^hich have led to Ae re^al of && 
opinion are the fame whh thofe which induced 
Bacon to advance it, — the various cafes of aug- 
metitation of temperatotse produced by ioipaUe, 
iriftion, or whatever is capable of exciting motion 
of rthe {articles of any mafs of ^matter. On tiie 
iiippofition of the materiality of caloric, this was 
4nplained, by fuppofing that the caloric prefbolt 
m» eap^Ued by the tepeated impuife arifing from 
4he fri^on^ or penuiifipn, £3rcing the particfas 
iidarer toeach othen Count ^Rumfbtd and JMbr. 
♦BaVy, obferving thefe ia(3:s with mote oare, and 
vailing them by experiment, faave.&ewn, hov^ 
lever, that caloric continues to be extricated fimo, 
a body fubjeded to fridion, fo long as the fridlum . 
is kept up, and the texture or form of the body is 
not deftroyed ; and have hence concluded, that 

the 
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the phenomena are inexplicable oft the fuppdfi^ 
tion of caloric beiQg^ watte^^ Count Rumford, 
fpeaking from his experiments, bbferves, " that 
•• any thing which any infulated bodyj,>or fyftem 
*• of bodies, c w continue to fumifti without limita- 
** tioti^ cannot be ^ material fubftance : and it.ap^ 
" pears to me," he adds *' to be extremely difl^ 
!^ cult, if not impoflible, 16 form any diitindl idea 
" of any thing capable of being excited and com- 
" municated, in the manner the heat was excited 
'* and communicated in thefe experiments, except 
•* it be motion.*' * 

From thcie inveftigations it has been conclud- 
ed, that the phenomena which have been refer- 
red to the. operation of a peculiar calorific matter, 
depend entirely on a vibratory motion of the par- 
'; tides of bodies : according as this is more or leis in- 
.tenfe,*a higher or lower temperai;ure will be pro- 
duced ; and as it predominates over, 16 nearly e- 
qual, or inferior, to the attraction of cohefion, bo- 
. dies will exifl in the gaseous, fluid^ or fofid ftate : 
•different bodies will be fufceptible of it in difier- 
ent degrees, and will receive, or communicate it 
f with 
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with aifliererit degrees of celerity : and from the 
generation, communication, or abftradion of this 
repulfive motion under thefe laws, all the pheno- 
mena aferiticd to caloric are explained* * 

■ r 

The explanation, however, -vrtll be found very 
unfatisfadtory. By friftion, or any other fpecies 
of mechanical motion, vibration of the particles 
of bodies will indeed be induced ; but can the 
cxiftence of this vibration explain the ihdft im- 
portant effefti of caloric ? I>ctes it Account foi? 
the moft geilefal effect, expatifioii, or fot the 
produdioti of the fluid and aerifbrni ftates ? Vi- 
bration is 'iiierely the ofcillatory motion of the 
particles of bodies,*..*that Hate in which they ap- 
proach to and recede from each other. How can 
fuch a ftatc enlarge the vdluxne of a body to any 
moderate extent, much more to x6oo or 1800 
times its bulk, as happens! in many cafes, where a 
folid is convcrt;pd into vapour ? However violent 
the vibration may be^ it is not eafy to perceive 
how it can induce a permanent, repulfion of the 
particles. If, to explain the phenomena, it is af- 
fumed; that the caufe of heat is not fimple vibra- 

Y tioit, 

* Davy's Eflay in Dr. B«ddoesV Medical GontribtH 
tions^ 
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tion, but a peculiar fpccies of repulfive motion, it 
becomes neceflary to poiat out the kind of mo« 
tion ; fince, if this is not done, it is not account- 
ing for the. phenomena, but only ftating the ge- 
neral fad in other terms, and faying, that a repul- 
fion is eftablifhed between the particles. And 
were the kind of motion pointed out, it would 
ftiU be neceflary to fhew how it was generated by 
fridion ; which; fuppoiing it to be di^rent from 
ribration, it might be as difBcult to do as to e^, 
plain the rife of . temperature from that caufe, 
qn the hypo^h^fis of the ijt^teriality of calpric. 
In afcribing temperature, therefore, to mere mo^^ 
tion, we. have either an (pinion, which, tfaou^ 
precife, is not fuffici^nt to account for the.pheno- 
ippi^a, or one which is fo vague, that it can be 
fcarcely made the fubjed of reafoniirg. 

We find alfo« that the laws of the. prop^ation 
of caloric are inconiiftent with the fuppofition of 
its being motion. Were this fiippofitioa juft, it 
ought to be propagated inftantaneoufly through 
an ehilic body, while, like a fluid, *we find it 
pafies with confiderable flownefs. It ought alfo 
to, be capable of paffing through fluids and airs, 
which the experiments of Count Rumford Ihcw 
that it is nat. Neither is the difference in the 

quantity 
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quantity of it contained in bodies fatisfadorily 
explained : for, were it mere motion, it ought to 
be proportioned to their temperatures and quan- 
tities of matter. 

On the oppolite hypothefis^ that of a fubtle 
fluid, wJiofe particles are mutually repellent, the 
phenomena are eafily accounted for. The intro-^ 
dudion of fuch a fluid muft caufe expanfion, 
which, carried to a certain extent, will produce 
fluidity or vaporifation. This fluid may be cap- 
able of being communicated from one body to 
another ; and from its peculiar relations to each^ 
it may be communicated with different veloci^ 
ties, and may aft upon them unequally^ fo as ia 
equal quantities to produce unequal effeds. It i$ 
the fatisfadory explanation which this hypothefis 
aflbrds of the phenomena, that has always led to 
its general adoption. 

There arct even fads which tend to prove the 
exifl:ehce of fuch a calorific matter, and which 
are fcarcely capable of being explauied on the 
iuppofition of caloric being motion ; fuch are the 
radiktioir of caloric, its pafling through a vacuum^ 
and its d|fpofltion to afcend, as proved by the ex- 
periaients of Fidet, 

- So 
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So far the one hypothefis is much fuperior tp 
the other. There remains only the difficulty of 
explaining how caloric, fuppofing it to be matter, 
can be produced by fri<aion. In ftria reafoning, 
this difficulty does not warrant the conclufion, 
that no fuch matter exifts, and the argument, 
fueh as it is, is perhaps /uUy counterbalanced by 
the difficulties attending that opinion, and the 
fa<9:s that may be urged in favour of the other 

It is alfo pprhaps poffible to conceive how the 
calorie, fuppofing it to be matter, is excited by 
friaion. The phenomena of eledricity fiimifh a 
cafe fomewhat analogous; and if we had it not in 
our power, from the diftinaion of conduaors an4 
non-conduaors of the ckaric fluid, t9 trace the 
fource whence it is derived when excited by fric- 
tion, they would apparently exhibit the impoffibi- 
lity of a finite body furnifhing an unlimited quan- 
tity of a certain power. May not caloric be ex- 
cited in a fimilar manner? When a body is put 
into a ftate of vibration, the caloric interpofed be- 
tween its particles, muft, in their approximation, 
be forced out ; and it is poflible that in the alter, 
pating retroceffion, the body may be difpofed to 
take caloric from the matter with which it is in 
pontaa, rather than again to abforb what it had 

given 



gwen out. Such a fuppofition, which, from the 
confideration of the excitation of the eleftric flu- 
^d, is not iinprohable, would be fully fuflSicicnt tp 
account for the produdion of caloric by fridion ; 
for it would not be difficult to flicw, that the ar-» 
gumentis ufed by Cgunt Rumford and Mr I)avy^ 
t.Q prove that caloric cannot be communicated 
from the matter in contad with the body to 
which the fridion is applied, are not conclufive. 
It does not follow, but that that matter might 
conduft caloric to the body, though it might at 
the fame time be receiving a portion of the calcn 
ric, which the fridlion renders fenfible; neither is 
it a necefl^ry confequence, that the temperature 
of the matter thus conducting caloric fliould he 
confiderably reduced^ 

If after aU we ihould be obliged to admit, 
that the motion is more dircdly the caufe 
of the rife of temperature than this fuppofi- 
tion «llows, the fads that have been flrated 
ftill render the opinion, that the mere motion 
iffclf conftitutes heat, improbable. And when 
the oppofite fads which appear to prove the ex- 
iftence of a calorific matter are confidered, we 
fhould perhaps be compelled to admit, that if the 
phenomena of. caloric are not owing to the mere 

prefence 
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f refence of a fubtle fluid, neither are they to the 
Tibration of crery kind of matter indifferently, 
but rather to the combination of thefe cdufes, to 
Tibrations eictited in a peculiar matter, capable 
pf penetrating all bodies ; augmentation of tem- 
perature being produced either by the commtmi* 
cation of a larger portion of this fluid, or by the 
Aiotion of its particles being rendered more vio- 
lent. This hypothefis, however, which is fimilat 
to the notion entertained by the earlier chemifts 
of the nature of fire, is njuch lefs ^niple, and is 
perhaps unnece0ary^ 

It has been endeavoured to determine the na- 
ture of caloric, by afpertaining whether it pof- 
fefles weight; but the experiments that have beea 
m ade with this view have afforded very different 
refults. Some chemifts fiippofed that a body when 
heated weighed rather more than it did at a low 
temperature ; others concluded from their experi- 
ments that it weighed lefs, Lavoifier, in perform- 
ing thefe eisperiments with his ufual accuracy, 
pould obfcrve no difference of weight in the fame 
mafs of matter at a low and at a high tempera- 
ture ; and mote lately, Count Rumford drew a fi- 
milar conclufion, from experiment? performed 
with the gtealeft care, 

OF 
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OF THE MEANS BY WHICH VARIATIONS OF TEM* 
PERATURE AR£ PRODUCED, 

As caloric has a tendency to diffufe itfelf 
ever matter, till an equilibrium of temperature is 

4 

eftablifhed, it is evident that, were no foreign 
caufe to difturb this tendency, fuch an equilibrium 
would at length be formed. ^ Caufes, however, 
are conftantly operating, by which it is counter- 
aded ; and thofe variations of temperature ne« 
ceiQary for the operations of nature are produc* 
cd. 

Of thefe caufes, the principal is the heating 

aiiion of the folar rays, modified, however, by o- 

♦ 

thers of left powerful operation. The extreme 
of heat which it might induce, is obviated by the 
abforption of caloric, which, when the tempera- 
ture of the earth is high, mud take place from 
the rarefadion of the lower ftratum of the atmo- 
fphere, and the evaporation of moifture ; and the 
extreme of cold is moderated by the quantity of 
caloric fet loofe by the condenfation of vapour, 
and the congelation of water. The temperature 

of 
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of the earth is thus always kept within a iiiodie- 
raterange» 

in the operations of art, greater variations of 
temperature arc requifite. The produdion of 
heat is obtained by the concentration of the folar 
rays, by the eleftric fpark, and by combuftion. 
The laft is the mean moft generally employed, 
and, with particular maaagement, is capable of 
exciting a degree of heat more uniform and lad- 
ing, and nearly as intenfe as that from any other 
iburcc. The heat produced .by other cafes of 
chemical acflion, or that getierafed by mechanical 
motion, can fcarcely be apphed to any \ifeful pur- 

pofe* 
# 

It is fometimes neceflary to effedl a redudioA 
of temperature. This may be done by the eva- 
poration of certain volatile fluids, as ether or al* 
kohol ; the cold thus produced being fufEcient 
to reduce the thermometer many degrees. The 
produdion of cold, however^ from fome chemical 
combinations, is much more intenfe* A mixture 
of fnow and fea fait in equal proportions is cap« 
able of reducing temperature to 6° below o of 
Fahrenheit : and there are other faline mixtures 
capable of producing a far greater degree of cold- 

Thefe 
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Thefe form what are termed Freezing AGztmes. 
The redudioQ of temperature which they pn> 
duce is owing to an augmentation of capacity re« 

fulting frotp their mutual adion, and in ^general a** 

* 

rifing from the fiqtie&dion of die folid falts, or o£ 
tho water <^ ciyftallization which they contain* 
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CHAP, IV. 



or LIGHT, AND THE ELECTRIC FLUID. 



Light, and the Eledric fluid, are chemical a-* 
gents, analogous in feveral refpeds to caloric. 
Like it, they are too fubtle to be obtained in dif- 
tmdi flates of exiftence, or to be traced otherwife 
than by their efFcds ; and if they exift in bodies 
in a ftate pf combination, we have it not in our 
power to feparate them, fo as to obtain the fub« 
ftances with which they are combined. We 
can, therefore, only confider their chemical efFe&s, 
without attempting to dcfcribe fyftematically the 
combinations into which they enter : and under 
this view of the fubjed, as well as from their ana« 
logy with caloric, they may be confidered in this 
part of our arrangement. 



OF 
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or LIGHT, 



The materiality of Light is proved by a nufn- 
Tjcr of its properties. Its motion, though mcon- 
ceivably rapid, is progjpeffive ; it may be ftopt, or 
the diredlion of its motion may be changed ; it 
may be condenfed into a fmaller, or difperfed o- 
ver a larger fpace ; and it is infleded when paf- 
fing near to a body, which proves that it is fub- 
je<9: to the attradion of gravitation. It likewife 
exerts peculiar chemical attradtions; and perhaps, 
next to oxygen, is the ifloft extenfive in its influ- 
ence of any of the chemical agents. Theft two 
bodies^ light and oxygen, feem defignedras anta- 
gofiifts; the combination of oxygen with ^ny body 
being generally attended^, with the feparation of 
light, either in a fenfible form, or in a flale of new 
combination; while oxygen is fcarcely ever ex- 
tricated without the agency of light. 

light is ufually regairded as a fubftance, or 
emanation of particles of inconceivable rarity, 
projefted in right lines from the fun, and from all 
luminous bodies, and moving with extreme velo- 
city.^ 
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city. Some have fuppofed that the phenomena 
of light rather depend on vibrations, excited in aq 
extremelj elaftic and rare fluid, diffufed through 
i^ace ; but the former opinion accords morf^ 
completel}^ with the phenomena, and is more ge- 
nerally received. 

Light is not a homogeneous fi^iflance, but i$ 
compofed of particles of various magnitudes^ fe^ 
parable from each other. Tbefe, when fepar« 
9te, excite the fcnfations of various colours,,, and 
produce different chemical e^fe€ts, {t is feparat«r 
ed by the prifm into feven rays, red» orange, yd^ 
low, green, blue, indigo, and violet, Theie have 
difierent degrees of re^^ao^bility \ the red be^ 
ing the l^ail, the violet i;he moft refrangible, , 

light is vety ^fl^ntly afl^(S(ed by different 
bodies. It pafles through fome with fkality ; by 
others it is r^fiedled from the furface ; fyicat^ re-- 
fledk only one fet of particles, the red, green, or 
any of the others, which gives rife to the different 
colours that bodies exhibk : and there are^ laft- 
ly, fome in wfaicl;^ the %ht i^ entirely extingui&^ 
edf .. 

Light 
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Light can alfo finrm a more intimate union 
with bodies, of which there are different degrees. 
In many cafes, it appears to be abforbed, but pro^ 
duces no change in the feniible qualities of th^ 
body, and is again graduqily given out. In o- 
. tilers, it produces alterations of temperature and '^ 
of compafitiDO, or ad$ as an ini^ort^nt chemical 

The firft of thefe cdes conftitutes what it 
termed Pfaofphorefcence, or that property by 
which certain fubftances, after being expofed to 
the funV rays, appear lutninous when removed to 
a dark place, and continue to emit light for a 

_ _ f 

certain time. It is poflefifed by many fubftances, 
both mineral and vegetable ; in general, in the 
' higheft degree by thofe which are white. They 
are termed Solar Fhofphori, Artificial folar phof. 
phori inay be prepared much more powerful than 
the natural : fuch is the Bolognian phofphorus, 
which is a fulphat, or rather a fulphuret of Barytes ; 
Baldwin's, which is a nitrat of lime ; and Canton's, 
which is a fulphuret of lime. Some of thefe phof- 
phori do not emit the white light, but exhibit the 
prifinatic colours. 
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The |)hofphorelcent property in all thefe bo- 
dies appear to be the fame, differing only in de- 
gree. Some require to be expofed to the folar 
rays, and even to the rays concentrated by a lens, 
to render them luminous ; others acquire the lu- 
mipous property by expofing them to clear day 
light for one or two minutes ; and fome^can be il- 
luminated even by the light of a candle, or. by an 
eledtrical difcharge. After the luminous proper- 
ty is acquired by the due expofure to light, it is 
retidered more vivid by raifing the temperature, 
but it ceafes prbportionally fooner. By raifing 
the teinperature ftill farther, it niay be revived, 

Thefe fads, and the general phenomena of 
phofphorefcence, evidently fugged the opinion; 
that the phofphorefccnt body when expofed to 
the light abforbs part of it, different bodies abforb- 
ing different quantities ; that this light is again 
gradually emitted, and that its expulfion is promo- 
ted by the agency of caloric. This is rendered 
doubtful, however, by the fafts, that when light 
is tranfmitted to the phofphorefccnt body through 
a coloured glafs, or when any of the prifmatic rays 
is thrown upon it, it flill continues to emit its u- 
fual light. The luminous appearance of thefe 

fubftances 
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fubftances is entirely independent of any afkion 
of the dk. 

There is another clafs of phofphorcfcent bodies 
which become luminous when heated, indepen- 
dent of any previous expofure to light, but the 
appearance of the light continues only a very 
ihort time, and becomes much fainter each time 
it is excited. In fome of them the light is co- 
louredy in others it is white. A iimilar light is 
obtained from them by attrition. The native flu- 
at of lime, quartz, and the gems, are the principal 
phofphori of this kind. 

The ladfpecies of pholphorefcence is thatiof 
animal matter. Marine animals are remarkable 
for this property ; it has alfo been obferved in the 
fleih of fome quadrupeds, an'H feveral infedts ap- 
pear very luminous in the dark. The light from 
rotten wood appears to be of a Iimilar kind. This 
light was fuppofed to be emitted in confequence 
of incipient putrefadlion, and fome even alcribed 
it to a fpecies of gas difcharged during that pro- 
cefe. But Dr, Hulme has fhewn, that fo far from 
this being the cafe, it ceafes whenever putrefac- 
tion begins. Its emiflion is not accompanied 
with any fenfible extrication of caloric ; it is pro- 
moted by a moderate heat. The luminous mat- 
ter 
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ter oa* vhich it depends, Br^ Hblihe £iund, 
could be feparated from thefe fubftances. by ft« 
veral faline folutions, which then acquired the 
property of emitting light* It is extinguiihed by 
pure water, by acid or alkaliae iblutiousi 

« 

The chemical eSbdts of light \xpon bodies aoe 
next to be noticed. Thefe may perhaps be en- 
tirely referred to its power of 'fcparating oxygen 
from its combinations. Hence it is capable of re- 
ducing the metallic oxyds, and of decompofing 
the nitric and o:^ygenated muriatic gcids, by ex- 
pelling the' oxygen which they^ contain.. Its in- 
fluence on vegetation depends on the fame Ope- 
ration. Plants which are fecluded from the light 
are iiifipid, colourlefs, feeble^ and irritable, and 
during their growth cnut only carbonic acid: 
but when expofed'to the fokr rays they beccnne 
vigorous, acquire a green colour, and become 
more fragrant, pungent, and inflammable. Dur- 
ing this expofure, they emit oitygen gas in abun* 
dance ; apparently from the decompofition effedl- 
ed by the chemical ag«ncy oi light, of the water 
and carbonic acid which they abfbrb. Nor are 
animak exempted from the influfnce of light; 
but fufFer changes from itfomewhat fimilar to thofe 
of vegetables* 

The 
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The experiments of Sennebier hate' proved; 
that' the^ different rays of light produce the lame- 
cbeiri^a]: efFeds in very different dejgrees. The 
nCuriat of filver is bkfekefted by light : he found, 
tteat the fliAde produced by the violet rays in 15^ 
feconds required^, for its produ(9ion the acftion of- 
the indigo fbr ^3 ; of the bliie, 29 ; of thegr^ea^- 
3,7 ; . (rf tbe yellow j 55. minutes ;. the orange,* 12 ; 
add therfed, ndt lefsth&n 20 minute*. 

* ■ ■ • 

The laft general effea to be obferved in the 
chemical hiftory of light, is its power of heating." 
bodies, or railing their temperature. 

The^heat excited in different bodies by the 
folar-tays is very different. Thofe which ar^ 
tranfparent fuffer them to pafs with fcarcely any 
interruption, and^ have, therefore; their tempera- 
ture little raifed. White bodies, refled:ing the 
light from their furface, are lefs heated than thofe 
which are coloured, in which more of the light is ' 
retained : and from the experiments of Franklin, 
it appeasrs that the darker coloured any body is, 
the more it is heated by the folar light. The dif- 
ferie&t rays of light have like wife diffi^rent heating r 
powers ; the heating power, according to the ex- * 
periments of Herfchel, following inverfdy the or- 
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der of their refrangibility, — the leaft refrangible 
poilefiing it in the greateft degree. This laft fail^ 
compared with the experimeiits of Sennebier, 
ferves to eftablilh clearly the peculiar chemical 
properties of light. Count Rumford had fuppof- 
ed, that the e£Fed of light in dct-oxydating bodies 
might be owing entirely to its exciting a very 
high temperature in the point on which it flrikes ; 
an opinion at firll view not improbable. But thefe 
experiments prove, that the rays moil powerfiil in 
exciting temperature, are thofe which poflefs the 
leaft power of producing thefe chemical eSeds. 

It has always been an objeft of inveftigatioa 
among chemiiis, In what manner does light a£fc 
in heating bodies ? or, What is the nature of that 
intimate connexion which appears to fubfift be- 
tween light and caloric ? The connedion feems 
fo intimate, that many were led to regard them as 
eflentially the fame, or as modifications of the fame 
kind of matter, differing from each other princi- 
pally in their It^te of motion. Others fuppofed 
that light was a peculiar matter, combined with a 
large portion of caloric ; while not a few afcribed 
the heating property of the rays of light to their 
power of exciting vibrations in the matter on 
which they ftrike. 

The 



.3^ 



r 






The late valuable experiments of Dr. Herfchel, 
perhaps render the difcuffion of thefe opinions 
unneceffary. He has fhewn, that there exifts in 
the folar rays, and alfo in the light thrown from 
luminous bodies, rays which are invifible, or in- 
capable of exciting vifion, but which are powerful 
in exciting heat. Thefe invifible rays are propa- 
gated in right lines with extreme velocity, and 
are capable of reflexion and refraftioni Being 
lefs refrangible than the vifible rays, they are 
^^•tly feparated from them by the prifm, and are 
thrown principally towards one extremity of the 
prifmatic fpeftrum ; and accordingly at that 
point the heating power is grcateft. The folar 
rays conlift, therefore, of two kinds of matter,— of 
pure light, and of radiant caloric : their heating 
power feems to depend on the latter, while it is 
in the former that their peculiar chemical proper- 
ties reGde. 

Light then may be confidered as a peculiar 
fubftance or matter, capable of entering into com- 
bination with other bodies, and afhially exifling 
in them as a chemical conflituent principle. 
Hence we explain its extrication in many caf^s 
of chemical action, and the important chemical 
change^ it produces in many bodies. Light at 

the 
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the fame time, whether derived from the fan, or 
extricated from bodies, is accompanied with calo- 
rific matter irt a fimilar ftate of motion ; and on 
the prcfence of this matter docs the power which 
light has of raifing the temperature of bodies de- 
pend. Thefe two kinds of matter are effoitially 
different ; they are diftinguiflied not only by the 
different fcnlations they excite, bnt by the pof- 
feffion of very different chemical properties : calo- 
ric in a ftate of projectile motion is ftill very dtf- 
ferent from light, and light in quiefcence has 
properties entirely diflfciilar from thofe of calmir 
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The phenomena of ?fearicity are fiippofed to 
depend on a certain fluid, diftinguiihed by parti- 
cular properties. It is prcfent in the earth, and 
'm all bodies in certain qyantitie?. it pm pafe a- 
long the furfaces of ibme with facility, whfle 
there are others which are nejiriy jwcap^We of con, 
duaing it. It is accumi^ated by frimon on the 
furface of bodies of the latter kind. aji4 may be 
carried off by the application gf any of tfaofe 
which are capable of ^^rding k,i ready pafl&gB. 
bodies, therefore, may cither be deprived of a 

large 
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laige Ihare of the portion of this fluid wWdh they 
naturally contain, or a greater quantity ttetn na- 
tuml may be accumulated in thenu On tbefe 
principles the general phenomena of eleiftricity 
are explained* It is foreign to the objeA of this 
work to conlider it otherwife than ^ k oheoiical 
powen 

When ekdkricity is tranfmitted in conlidera- 
ble quantity through l)odics, it raifes their tempe- 
rature ; and its heating power is fo great, that it 
is able to rnelt even thofc naetals that are mod dif- 
ficult 4s£ fiifion. Its force in this refped is found 
to depend en the proportion between the quanti- 
ty of fluid tranfmitted, and the volume of the bo- 
dy through which it is fent ; and it is therefore 
probable, that the heat produced depends on the 
force of its mechanical impuUe. Van Marum 
found, that the fufibility of the different metals by 
the eledlric fluid, is different from the order of 
their fufibilities, hy the dired ap^ication of cal- 
oric. . 

The eledlrical difcharge, from its power of fud- 
denly raifing temperature to an intenfe degree, is 
a powerful mean of promoting chemical combina- 
tion. When tranfmitted through metallic wires^ 

« * in 
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in contad with atmofpheric air, their furfacc is 
oxydated ; even gold and filvcr fuffer from it this 
change, though nearly incapahle of oxydation 
ftom the greateft heat which any furnace can 
excite. The eledric fpark is likewife themoft 
effedual mean of eflfcdling the cwnbination of fe- 
veral of the gases, which, when merely mixed to- 
gether, do not unite. It is equally capable, in 
many cafes, of efFcding decompofition, apparently 
from its power of exciting a high temperature in 
the point at which it is received. * 

The eledric fluid partakes likewife of the na-^ 
tur6 of lights as is evident from the fpark, and lu- 
minous train which it may be made to exhibit, 
and not .lefs evidently from its chemical adion : 
we find it is capable of decompofing feveral com- 
pounds, and refolving them into their conftituent 
principles, one or both of which principles cori* 
tain light as a conftituent part ; and the light ne- 
ceflary for their conftitution cannot in thefe de* 
compofitions be derived from any other fource 
than the eledric fluid, t 

Lately a particular mode of exciting the elec-. 
trie fluid, and direding its aftion, fo as to obtain 
the mod important and Angular chemical effeds, 

m. has 
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has been difcovered. Volta, in profecuting his 
refearches on the phenomena of Galvanifm, or a* \ 

nimal eledricity, found that by the mere contaft | 

of conducing fubftances of different kinds, pheno- 
mena fimilar to thofc of eleftricity were produc- 
ed. The apparatus he conftruded confifts of 
plates of metal, of two different kinds, as of 
zinc and filver, or zinc and copper, placed alter- ' 

nately above each other, a piece of pafteboard, 
or any other foft porous fubftance, moiftened 
with water, or with certain faline folutions, being 

c 

interpofed between each pair. A column or pile 
of this kind, confifting of thirty, fifty ,or more pie- 
ces of each metal, excites eleiJlricity fo ftrongly, 
that when the top and bottom pieces are touched 
at the fame time by the fingers moiftened, a fenfa- 
tion is communicated, fomewhat fimilar to that of 
the eledric fhock, and a lummouS point or fpark 
can alfo be produced. , The operation of this ap- 
paratus in effecting chemical decompofition is not 
lefs ftriking. When a metallic wire from the plate 
at the top of the column, and another from that 
at the bottom, are inferted in a tube, containing 
water, alkohol, ammonia, or any compound fluid, 
one of the principles of which is a body which 
exifts naturally in the gafeous form, a decompofi- 
tion injmediately commences, and continues to go 

on 
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oa, as long as the apparatus retains its power nor 
much impaired. 

There can be little doubt that the agent con- 
cemed in the- produdion of thefe phenomena is • 
the eleftric fluid. This is proved by the fenfa- 
tion it excites, by the fpark which it gives, by its- 
paffing eafily through condudlors of eledricity, 
being ftopt in its courfe by non-condudorsj and 
by its affeding the eledrometer wh6n in a pow- 
erful ftate. It has even been afcertained, that 
the eledricity difcharged . by the wires conneded 
with the top and. bottom of the column, is in dif- 
ferent dates, that from the one being pofitive, that 
the other negative. 

How the cledric fluid is excited^ or called in- 
to adion, by the mere contad of conduding fub- 
fliances which conftitutes this apparatus, is not 
eafily explained. From the fads already afcer- 
tained, it feems probable, that this peculiar difpo* 
fition has httle or no ihare in its produdion ; that 
the utility of a feries of eledrical condudors is 
only to coUed and condud the power when ex-p 
cited; but that its excitation depends on a very 
different caufe, the chemical adion going on in 
the pile. Although fridioa be the principal and 

indeed 
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indeed the inoft powerful mean by wliifch eleftri* 
city is excited, It is not the fole one : it is likewiAi 
rendered aftive by heating and cooling bodies, by 
fufioii, and by vaporifation. It is therefore pro- 
bable thM it may alfo be excited by chemical ac*' 
tion» and thus ^ve rife to the phenomena of the 
pile of Volta, and of Galvanifm in general.— ^ 
That a chemical adion is exerted among the 
fubftances compofing the pUe, is indeed clear* 
ly proved, fince one of the metals is always ox<^ 
ydated, and the faline folittfon employed to moif« 
ten the pafteboard is decompofed : and that this 
aiStion is intimately conne£ted with the excitation 
of the electrical energy is eftabliflied by numerous 
experiments. The power 5f the apparatus ceafed 
when it is placed in the exhaufted receiyer of the 
air pump, or in a yejQel filled with azotic or hy« 
drbgen gases. It it more powerful in oi^ygeh gas 
than in atmofpheric air, and in either the oxygen 
is confumed ; and its powers are much increafed 
when the water in contact with the metal hold^ 
in folution, oxygen, nitfoUs ga^, diluted ni- 
trie of muriatib acid, or any fubllance which ei* 
ther aflfords oxygen with facility, or promotes the 
oxydation of the metal. The power of the gal- 
vanic feries or column feems indeed to be propoi^- 
tional to the oxydation of the metal which com- 
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pofes it, and hence it may with much probat^it^* 
be concluded, that it is to this chemical adion^ 
that the excitation of the galvanic influence is ow;:> 
ing. 

'The niode in which this peculiar power ope- 
rates in producing the changes which arife from 
its adion is extremely obfcure. It evidently di£. 
fers in certain refpeds from the operation of the 
common eledrical difcharge, and the phenomena 
it produces are fcarcfely analogous to any other 
kind of chemical adion. When water, for exam- 
ple, is decompofcd by it, it is not by one of the. 
metals attrafting the oxygen of the water and let- 
ting loofe the hydrogen ; neither are the princi- 
ples of the water feparated at the point at which 
it a£ls, and the two gases difengaged together : 
but from the extremity of the one wire pure oxy- 
gen is extricated, and pure hydrogen from that 
of the other ; and this, although the wires be at a 
diftance from each other, and even placed in £e- 
parate tubes. Similar anomalous appearances are. 
obferved in the decompofition of other fluids, and 
they are fuch as, in the prefent ftate of our know- 
ledge nf the nature and powers of this agent, can- 
not be fatisfadlorily explained. 
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THE JSIMPLi: SUBSTANCES, AND THEIR 
BINARY COMPOUNDS. 
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HAVJNG confidered thefe general powers, 
.which, by their a&ion on matter, give rife 
to the principal phenomenaof Chemiftry, we have 
next to inveftigate the chemical properties and ac 

tions of the individual fubftances on which they 

/I 

operate. In this inveftigation we follow the divi- 
' fion of bodies into Simple and Compound, as the 
one beft adapted to the nature of the fcience. 
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1 68 SIMPLE SUBSTANCZS. 

In the language of modem cheiniftry, the 
term Simple, or Elementary, has a iignification 
different from that attached to it by the ancient 
philofophers. They underflood it as expreCf 
iing fubftances ejfentially fimple and indeftrudible^ 
which, by modifications of form, or combinations 
with each other, forni the different fubilance^ 
which compofe the material world. By modem 
• chemills it is underflood in a different fenfe. As 

« 

the objefl of their fcienc^ is to inveftigate the com- 
pofition of bodies, or feparate them intQ their con« 
^tuent principles, they mufl necefi^ply in their 
operations arrive at certain fubflances, beyond 
which the analyfis cannot be carried. Such fub« 
itances are termed Simple. The term implies not: 
their abfolute fimplicity ; for it is very poffible, 
and even probable, that they may be compounds. 
But it is alTumed as a general principle, ths(t 
every fubflance is to be regarded as fimple which 
has not been decompofed; and therefore eveiy 
kind of matter obtained by chemical analyfis is 
ranked as fuch, which cannot be refolvftd iiito 
two or more conflituent parts. 

There is fome limitation, however, to this prin- 
ciple. There are fcveral fubflances which chemr 
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ifts have not hitherto been able to decompofe, but 
which they have the ftrongeft reafon from ana- 
logy to believe are compounds. The xlafs of 
chemical agents, for example, termed Acids, con« 
fifts of fubftances, the greater number of which 
are proved not only to be compounds, but to con- 
tain one common acidifying principle* There 
^re three of them, however, which have .rejifted 
every method of analyfis th^t has been applied': 
Ixflt the an^gy between thefq ^nd the other in* 
dividuals of the fame clafs, is fo dire£t and unex- 
ceptionabki that no chemiit at prefent heiitates 
10 confidering them as compounds. A fimilar a« 
nalogy exiils in another clals of chemical agents, 
Ihe Alkalis. One of them has been proved to be 
/compound ; there are other two which have not 
been analyfed, but which the fame analogy leads 
fis to regard as compounds ; and there are even 
&dls which favour this conclufion. It would, 
therefore, be a very unneceflary adherence to rigid 
fyftematic arrangement, were any of thefe fub- 
ftances, either acids or alkalis, to be confidered as 
fimple, and feparated from thofe with which they 
have a natural connection. 

With 
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With thcfe exceptions, the fubftances which 
Jiave not been decompofed are regarded as fiin- 
plc. The number of them whofe materiality 
gnd diftin<fl exiilejice have been eftablifhed, and 
whofe chemical charaders we can fix with cer- 
tsmtf and difcriminationi amounts to nearly for- 
ty. Thfy may be arranged under the following 
orders : ift, Simple fubftances naturally exifting 
in the gafeom form, comprehending Oxygen, Hy- 
drogen, and Azot ; 2dly, pimple inflammable 
Xubilances, comprehending Carbon, Sulphur, and 
Phofpliorus ; 3dly^ the Metals ; and, 4^^^yr ^!^^ 
jEIartha. 

The fubftances comprifed under the firft or- 
der, the Simple Gases, are the moft important of 
the chemical agents, as they enter as conftituent 
principles into by far the greater number of the 
produdtions of nature. They, therefore, proper- 
ly occupy the firft place in any chemical arrange- 
ment. 

After they have been defcribed, it will be con- 
venient to confider the combinations into which 
they enter with each other, and the produces to 
yrhich thefe give rife, before proceeding to the e- 

numeration 
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liusQCsaticm^f the other &npleiubftti»^ Under 
the <;ambination of hydrogen and azot, the 
eiafi of chemical agents termed Alkalk, may fir Qf 
be confidered, as we thus obtain the greateft ad^ 
vantages of arrangement, thefe fubftances com«^ 
bining with many of the remaining fimple bodies | 

and their binary compounds, aibd forming import* : 

ant compoimds. The general phenomena attend-* I 

ing the combinations of oxygen, and the genenc 
characters of the produdls of oxygenation, may f 

next be noticed, and then the peculiar combina- 
tions of oxygen with the other, two fimple gases 
tnay be confidered. 

We next proceed to the fecond order, the Sim- 
pie Inflammables, noticing their properties, their 
combinations with the fimple gases, with each o- 
ther, and with the feveral compounds which have 
already been defcribed, and likewife the proper- 
ties of the new compounds which refult from thefe 
combinationsi After the fame manned", the re- 
maining orders of Metals and Earths may be 
confidered. 

V 

There remains an extenfive clafs of compounds, 
thofc which are the produdls of organiiation ^ in 

other 
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Other words, the Vegetable and Ammal prodoAfi 
Thefc are with propriety refervcd for feparate 
confideratioi), as they poflefs chemical charadert 
by which they are clearly diftinguifhed from the 
preceding compounds. 

Under thefe divifions may be arranged every 
fubilance, either exiiling in nature or produced 

by arty which it belongs to chemiilry to confiden 
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I^IMPtE GASES. 



Thi: term ^ir or G^7J is applied to fubftances * 
iK^hich are fo rare as to be inrifible, but whofe - 
Weight we can eftimate, which are compreffible^ * 
and permanently .elaftic. The atmofphere, or that 
mafs of invxfible elai&c fluid which furrounds the 
globe, affords a' familiar example of a body exift« 
ing in this form, and there are many others, eac|i 
being: diftinguiihed by the poiTellion of peculiat 
chemical properties; 

It has already been obferved that the aeriform 
ftate depends upon the agency of caloric* Wheit 
a folid body is heated to a certain extent, it be* 
coibes fluids and the fluid by a further addition of 
caloric, has its particles feparated to fuch diftan* 
ces, that the attraftion of cohefion is overcome, 
an elaftic or repiiliive power is acquired, the fluid 
becomes fo rare as to be inviiible, and thus pafies 
into the ftate of vapour or gas. If it requires a 
high temperature to caufe it to pafs into the aeri- 

C c from 
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form ftate, it is condenfed by a moderate degree 
of prefitire or cold ; if it aflumes this ftate at a 
very low temperature, it is permanently elaftic^ or 
retains its aerial form at the lowed natural tempe* 
rature. Subftances lexifting in the former ftate 
arc termed Vapours ; to thofe which are perman- 
ently elaftic, the term Air, or Gas, is particularly 
applied. The diftindion between them is only 
relative, and arifes fole]y from the difference of 
temperature at which they are formed. 

A Ga$ is therefore merely a folid body, be* 
tween the particles of which repulfioii is eftab- 
liihed by the large quantity of caloric which it 
contains. In the modem nomenclature, the name 
of every fubftance exifting in this form is deriv- 
ed from its folid bafe, and the term Gas is ufed to 
denote its exiftence in this ftate. Thus Oxygen 
n the name of the folid bafe or gravitating mat- 
ter of one of thefe bodies, which in its aerial form, 
is termed Oxygen Gas. This folid bafe cannot be 
obtained pure, but no chemift doubts of its exift« 
ence, or that we fliould obtain it, could we ab« 
ftra£t from the gas, caloric to a fufficient degree^ 
and it, as well as the fohd matter of the other gas* 
es, exifts in a folid ftate in many of the combina- 
tions into which they enten 

la 



r 



SIMPLE OASES. Z95 

In examining thd different gases, befides the 

general properties of rarity, compreflibiUty, and 

weight, they are found to be endowed with peculiar 

- properties by which each is diftinguiflied. At- 

' mofpheric air« for example, is charadterifed by its 

.capability of fupporting combuftion and animal 

life, by its fparing folubility in water, and its dif- 

folving a portion of that fluid. It is eafy to con- 

ceive that other fubftances may exift in the fame 

form, poileijing different properties; and that this 

is the cafe, the chemift difcovers in examining 

the ekftic fluids produced In his operations. He 

finds one in which combuftion is much'more yi\iid 

th^n in at mofpheric air; another, incapablo of 

fupporting combuftion, but itfelf inflammable ; a 

third, which poffeffes neither of thefe properties; 

and others which are abforbed by water, and 

which pofliefs rarious properties by which they are 

diftinguifhed from every other. 

In examining the gases, with regard to their 
compofition, we find that the greater number of 
them are compound bodies. There are only three 
of them which are fimple. Oxygen, Azot, and Hy- 
drogen, and thefe form the firft order of fimple 
fubftances which we have to confider. 
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This gas, named Oxygen, from its property of 
producing acids, formerly known by the names of 
Vital air. Fire air, Dephlogiftiqated air, was difcov- 
ered nearly about the fame tii^e by Scheele and 
Prieftlej\ It exifts no where pure in nature, but 
abundantly in combination with other bodies; and 
it is from fome of thefe combinations, into which 
^ enters as a confiituent part, that it i^ obtained^ 
][f a quantity of the native mineral prodiidion, 
termed the black oxy4 of Manganefe, be expofed 
in an iron veflel to a red heat^ a large quantity of 
oxygen is feparated &oip it, and pajles off in the 
ftate qf gas : or if any quantity of it be mixed 
with two parts and a half of fulphuriq acid, in ^ 
glafs retort, the oxygen is expelled by the appli- 
cation of the moderate heat of a lamp. It is alfo 
obtained from many other fubilances, of which it 
h a component part^ by the application of heat, 
as from nitre, red lead, or red oxyd of mer- 
cury : and it is yielded in confiderable quantity 
by growing vegetables expofed to the adtion of 
light. 

Qxygen 
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Oxygen gas is deflitute of fmell or tafte ; is ra* 
ther heavier than atmofpheric air ; the fpecific gra« 
vity of the one being to that of the other as 1103 
to 1000. It is abforbed by water, but in very in, 
coniiderable quantity ; and it alfo always contains 

a 

a portion of th^t fluid. 

The peculiar properties by which oxygen ga$ 
is diftinguiihed are thofe of fupportiqg combuftion 
9nd aninial life ; combuftion is much more yivi^ 
VH it than in atmofpheric air, and an animal liye^ 
longer in a certain volume of the one than in ar^ 
equal quantity of the other. Oxygep is indee4 
the only gas capable of fupporting either procefs, 
atmofpheric air, or any other gas, doing fo merely 
frpfp the quantity of oxygen it contains. 

Oxygen has a tet^denpy tp combination, more 
extenflve, perhaps, than any other iimple fub-* 
jlafice. It pombines wi^h every combuftible bo- 
dy, and with all the pietals j^ it forms the fburtli 
^rt pf atiuofpherip air j and it is 4 principal iur 
^edient in by fs^r tl^e greater puncher of vegetaip 
]^l$ 9;i4 %nifnal fubftances^ 
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Seii. II. — — Azotic Gas. 



Atmospheric Air contains about one-fourth of 
its volume of oxygen ; the remaining three-fourths 
confift of a peculiar gas termed Azotic, in the Ian- 
guage of the new nomenclature, from its be- 
ing incapable of fupporting animal life. Nitro- 
gen, a name given to it by Chaptal, is more un- 
exceptionable, but the other is eftablilhed by 
common ufage. It is the Phlogifticated air of 
Prieftley, the Foul m of Scheele. 

This gas is obtained by expofing atmofphe- 
ric air to fubftances capable of abforbing the ox* 
ygen it contains. If a quantity of it in a jar be 
thus expofed to a folution of the fubftance term- 
ed Sulphuret of Potalh, the volume of the air be- 
gins to dimmifh from the abforption of the oxy- 
gen, and after a certain time nothing remains but 
the azotic gas. It is alTo obtained by burning 
phofphorus, or any of the metals in atmofpheric 
air, thefe at trading the oxygen ; and as the com- 
pounds which they form cxift in the folid form, 
the azot remains pure in the ftate of gas. 

This 
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Thit gas is not poffeflcd of any remarkable pro- 
perty capable of charaderizing it ; it is principal- 
ly diftinguiilied by certain negative qualities, — by 
its being incapable of fupporting combuftion 
and animal life, by being uninflammable, and by 
not being abforbed by water, or at lead in very iii- 
confiderable quantity. The peculiar compounds 
which it forms with other bodies, afibrd alfo deci^ 
live proof of its ejdftence as a fubft^ce diftind 
from every other* 

Azotic gas is rather lighter than atmofpheric 
air, its fpccific gravity being as 985 to 1000. It 
is deftitute of tafte and fmell. 

• ' '^ 

Jizot enters as an mgredienf into many com- 
pounds. It conftitutes three-fourths of the at- 
mofphere : it combines with hydrogen and phof- 
phorus, is a component part of all animal fub- 
ftanecs, and communicates to them their moft 
diftindlive characters: It likewife exifts in the pro* 
4n<as of fevcral vegetables. 
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tais Gas was difcovercd by Mr, Cavetidifh^ 
ard named Inflammable Air, from its mflammabi.i. 
lity : in the new noiiicnclaturc it is termed Hy- 
drogen^ as being the bafis of water. It may be 
faid to exift in nature, as it is often coUeded in 
the roofs of caverns and mines, being known to 
miners by the name of Fire Damp ; and it like* 
ikKc probably exifts nearly pure in the higher re- 
gions of the atmofphcre* For chemical purpofl 
es, however, it is always obtaiiied by artificial 
procefles* It is a component part of water^ 
that fluid being a compound of it with oxy- 
gen; when, therefore, water is decompofed by 
any fubftance capable of attradling its oxygen, 
hydrogen gas is difengaged. Thus if water be 
j5afled over iron or zinc filings heated to ig- 
nition, fuch a decompofition takes place, and 
hydrogen is produced in abundance. Or, what 
is an eafier procefs, if af parts of water, to which 
one part of fulph^ric acid has been added, be 
poured upon one part of either of thefe metals, an 
efiervefcence is immediately produced from the 
copious extrication of hydrogen ; the acid ena- 
bling 
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iltrig «lie^ilieua td deiscntfj^ofe' ftie mtiii isttti at 

HLydifogen gate is pftHhiBarfy diffingmft^ 
grettt levky and mfiamittabffity. It is thisi lighr- 
elt fubftance whofc weight we are Aie to dlimi 
ate. Wlien in its pureft ftate, and ftee fronot 
moifture, it is about 13 times lighter than at- 
mofpheric air. It bums rapidly when kindled in 
contad with atmofpheric aiir, and it explodesi 
inftantaneoufly when it is ptevioufly intimately 
mixed with a portion of that air or of oxygen gas. 
It is incapable of fupporting combuftion or ani-^ 
mal life, though it is riot immediately deleterious^ 
ais the greater niiml^er of the unrefpirable gas-^ 
es are^ It is not injurious to growing, vegeta- 
bles. 

^■ 

I 

Water abforbs at fmall portion, about t-i3th 
ofits bulk, of hydfogep, and the gas itfelf^always 
contains a confiderable quantity of th^ fluid.— 
I'his water adds both to its bulk and fpecific gra- 
Vity. When faturated with it, it occupies about 
i*«yth more* fpace than when free from it^. and it 
is only 10, inftead of 13 times lighter than at- 

r* - ' • 

mofpheric air. 

D d Hydrogen 
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its ptdkBcp tluit fer^raL of the piieBomena of 

The other fluid, however, that w^cb compo&s 
^e inferior part c^ the Atmofphere, is that onlj 
vrhich we Bkve it in our power to examine ; and 
It is to thjs mii^tute of (»cygen and azot that the 
tepcn Atrnpfpheric air |s eocchifivel/ applied* Its 
compofition has been fbuqd nearly uniform at the 
greateft heights which have been reached. 

We are indebted to Scheele folr the difcorery 
of the compofition of' atmofpheric aii*. He ob- 
ferved, that in procefles in which it was expofed 
to the aftion of certaih fubftances, it fuffered a di- 
minution of volume ; and that, at the fame time, 
k was rendered incapable of fupporting combuf- 
tion, aridi when infpired, proved fpeedily fatal to 

life. He had previoufly made the difcovery of 

► ■ 

oxygen gas, and obferved its properties of en»- 
bling inflammable bodies to burn ^yith great fplen- 
dour, and of fupporting animal life much longer 
ishan atinofpheric air. When he found, therefore, 
that in thefe procefFes by which atmofpheric air is 
diminifhed, the quantity which remains is incap- 
able of fuftaining combuftion or animal life, he 
concluded that this thange was owing to* the ab- 

ftradion 
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iftra^bn of oxygen from it, and ttiat it is a: com* 
pound of this gas, and of the remaining untefpirj 
abk gas, which h» teriiicd Foul or Corrupted air^ 
tmd which k the azotic ga^ of modern chaniVlisi 
This conclufion he cotifirmed) by adding to thi^l 
gas a fourth part of olEy'gellV\Vhett a edirijjouud^- 
having al} ^the propierties of atmofpheric air, Was 
formed. Lavoifier foo'n aift^r made the fahie dif-^ 
covery, and eftabliihed it by a variety of e^perii 
ments. He proved it ift particular more cieur- 
ly by (hewing, that in thole procefles in which 
atmofpheric air fuffers this diminution of volume 
and change of properties, oxygen is ablorbed by 
the body by which the change is eflfcdled, and 
can frequently be recovered from it in a pure 
ftate, ^ 

»■ 

V 

It is ftill a fubje<a of difpute among chemifts,' 
Whether the oxygen andazot exilting in the at- 
diofphere are in a ftate of chemical combination, 
ox of mere mechanical mixture. That tli'dy are 
eombined^ i^ ' fuppofed to be pFOircd by their not 
feparating in the atmofpber€j,'.or even when kept 
ftteVtom agitation, though of different fpeeific 
gravitiesf The. difference, however, is very in- 
confiderable : there are various caufes conftantly 
adiing on- the whole mafs, and agitating the diffe* 

rent 
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rent parts; which muil in a a>nfiderable degree 
counterad the tendency to reparation ; and after 
all, it feems certain that fuch a reparation do68 
take place. It h^s been afcertained by Sauflure 
^nd Van Humboldt, authorities on this fubjedt 
fuperior to any other, that the air in the higher 
regions contains lefs oxygen than it does in the 
inferior (trata ; ignd it is in particular affirmed by 

the la. titer philofopher, that this difference is gre^t^* 

• 

er than any that is to b^ foun^ in different places 
at the furfacc of the earth, Jt is evident, that 
fuch a fep^ration . could not *t^lf e place, wcr? 
th^fe- g^ses cbeqRically combined, 

It is befides to be remarked^ that in the cir-t 
circumftances of the mixture- of thefe airs, or iq 
the properties of the refulting mafs, there is no- 
thing to favout the fuppolition that they enter in- 
to combination. They mix together in every 
proportion, and no new properties are acquired, 
thpfe of the atmofpheric air (that of the fpecific 
gravity excepted, according to fame chemifts,) 
being merely the mean of thofe of the oxygen 
and azotic gases. Yet when placed under cer- 
tain cirqumftances, by which the exertion of che- 
mical attraction is promoted, they unite in de- 
terminate 
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terihinate proportions, and form compounds poC. 
fefling properties very different f i ora thofc of their 
component parts. * 

Perhaps that chemical attraftion which fub- 
fifts between the folid bafes of thefe gafes, 
but which, when they are merely mixed to^ 
gether, cannot, from the diftance at which ttheir 

V 

particles are placed by the repulfive power of ca- 
loric, bring them into intimate union, may itill be 
£b far exerted as to prevent their reparation : or 
they may be retained in mi:{^ture by that force of 
adhefion which, exerted at the furfaces of many 
bodies, retains them in contadt with^confiderable 
force. This latter fuppofition feems to be favour- 
ed by the fads which Dr. Prieftley obferved, that 
even thofe gases betyreen which no chemical at- 
traction feems, under any circumftances, to be ex- 
erted, do not feparate when mixed, though of ve- 
ry different fpecific gravities. Either of thefe 
caufes, joined to the inconfidetable difierence in 
the fpecific gravities of oxygen and azot, and aC- 
fiiled by the agitation which the atmofpheric mafs 
conftantly fuffers in all its parts, from winds and 
currents, from eleftrical difcharges, and from the 
afcent of the heated air from the furface of the 
earth, may preferve tliem mixed in nearly an u- , 

niform 
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.i^fornD preportion* without, fii|«pofii)g them ite !» 
in that ftate wbkh c^ik prQpeiJy be termed cte^ 
tnical combinatiGn, 

rbe meafvirement of the quantity of oxygen 
Contained Hiithei ^tmofpheric air^ or indeed iaa<-. 
liy ggs in which it is merely mixed, is termed Eu^ 
diomei/fi /a^id riie. inilrument by which it is pet^ 
fbrm^fl, xhQyEu4i9meter. It confifts mef ely in addi* 
ing to the air feme fikbftaJice capable of combin- 
' i:\t; with the oxygen ; and from; the dimirinticio of 
%>>lvime which the air fufiers, the quantity of oxy- 
gen it contaihs is, determined. : ' 

Bif&rent fubftances have beeri- u(ed for thiS^ 
purpofe, each in the opinion of foriie^ chetiiills pof- 
fefling advantages over the 6thers^ The wate-i 
ry (blution. oi fulpburei of potaflij employed by- 
Schefele, completely abftradls the oxygen; but it 
is flow in its operation, and does not immediateljr 
indicate when the prbcefe is finilhed. The dry ful- 
t)huret of potaffi affifted by hAit, is liable to the 
latter objeilion, and is a method notcafily execut- 
ed. Sydrogtn miied in a determiftate proportion 
with the air, and fired by the eleittic fpark, forms 
the Eudiometer of Volta ; but it requires a com- 
plicated^ apparatus^ and is liable- to-itrpr from the 

hydrogen 
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hydrogen not being unifonn in quality. Nitrous 
Gast added to any air containing oxygen mixed 
with it, immediately abllrads it, and fliews the 
quantity by the diminutbn of volume it occaU 
lions ; but the refulfr cannot be depended on 
from the varying quality of the nitrous gas, and 
from the extent of diminution which it dccafions 
being influenced by various minute circumftancesi 
The flow combufiion of Pbofpborus over water, 
affords perhaps thd bell Eudiometer ; it ' entirely 
abftra(£ls the oxygen^ and it indicates when j^he 
procefs is finiflied, by no longer appearing lumin*'* 
ous in the dark, or by the difappearance of a white 
doud with which it appears , in day-light to be 
furrounded^ It is only nccefl&ry to make allow- 
ance for an increafe of vdume in the remaining a* 
zot, of one-fortieth pOT, frotfi part of the phofphor- 
us being diflblved in it, by which its bulk is fo far 
-augmented* 

Eudiometry Jfe^of little utility iii afcertaining 
the purity of air, confidered with refpeift to its fa* 
lutary or noxious power on life* The air of pla-* 
ces the mofi unhealthy has been found to afford 
as much oxygen as that of others of the oppofite 
charader : the noxious air, in differetit fituations 

, E e or 
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or fesibns, depending not fo much oa dcfiwrocj' 
of oxygci^t 33 on the firefcnce of dSxivikf ov othc^: 
impregnations not to. Ike difcavexed b^ tiis (eflf 
SDiuetimeSy faovcTer, a vitiated ftate of th^ zU 
mefphere. is pconted out bjr thefe means $ wA 
tke snethod kfelf of indkating the quMtity of 
exygen in aay air, is of imich nfe in chemicali ^c^-^ 
perixneaits on the gases. 

Befides. thefe twa gases of vMch aftinofpimjc; 

air cGoififts^ theseis a fboall pQctiton 0€ aitothor^ 

'Gashontc acid, al^'ays prefent in it%' The propof"^ 

tioiBi of it is about x part in the xoct, and it basb 

been found at the greateft hdights vAifiM iNUre. 

been seached^ 

/ 

Attnc^pheric air, like the o<;ber^ gases, ie tvsifiSU 
parent, comprefSbte, and permaneotl)? elaftic: 
its fpccific gravity is to that of water as 830 to. r. 
It is inodorous and inlipid, is breathed by animals, 
is nect^vy^ for vegetation, aad indifpenfihly re- 
quiflte for the fupport of combnftion and animal 

life.; 

Thi^ ^1? is abfbrbed by water, though in in^ 
conilderable quantity ; the greater part of it may 
be expelled by boiling the water, or by removing 

the 
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tire stinofpiieiric fHreffiii^ b^ ^eaas of the air 

r 

t 

AttnoTphenc air can ^o diflc^ve d quantity oi 
water, more or lefs according to its temperature* 
Hence a conftant eraporatiott is going on At the 
f^tface of the ^eartfa, which is again de{K)fi€ed kl 
the forfti of d^w» fnow, ot rain. Thi^ forms what 
fe tettned J^fttaneous Evaporation^ H (irocefs of 
tbe firil ntipoctance in kht economy of natincc* 

Some philofophers have called in qudlion this 
folvent power of atmofpheric air, with refpeft to 
wateir, and hav6 afcribed fpontanisons evaporation 
to tht ftitte t)pfenfti&l!i of t^aloriG, principally from 
obfcrvirtg, that evtsft in thfc exhauftcd receiver of 
the ait pump, water e vaperatts at a medium tem- 
perature. But it is A vwy enioneous conclnfion^ 
that under the atmofpheric preffure it will eva- 
potOJb at tbft fame temperature. There un- 
doubtftdly iskifis an attradi^n between air and 
wattr^ fince the latter always contains a portioii 
6f tht foitncr ; the teverfe muft therefore equally 
take pl^c€ ; and the exertion of this attradbn iii 
fp6kltdneous evaporation, feems clearly proved by 
the fadls^that viiJott vt^ter is evapomted in a denfe 
than in a rare atmofphere, and that even ice di« 

minijfhes 
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diminifhes in weight when placed in airwhofe 
tempetature is below yi\ All the phenomena of 
fpontaneous evaporation likewife accord with the 

fuppofition that it is a cafe of chemical folution. 

» 

The quantity of water diflblved by the atmor 
fpheric air, is greater as the temperature is high. 
Dr. Button has fuppofed, that the foJvent power 
of the air increafes in a greater ratio^ than the 
temperature is augmented ; and from this hypo- 
theiis has deduced an ingenious explanatioq of the 
produdtion of rain. 

It is difficult to obtain air perfedly dry ^ for this 
purpofe it is neceflary to expofe it to fubftance$ 
which have a ftrongattradion to water. Its ftatq 
with refpeia to moifture is fhewn by t^e inftrUf 
mcnt termed the Hygrometer, 

Atmofpheric air is an important agent in many 
chemical procefles. It is neceflary to fupport com- 
buflion, and it is equally indifpenfible to animal 
life. It influences the procefs of cryftallization 
by its preflure, and by its chemical adHon it flow- 
ly effeds changes in the greater number of fub- 
ftances which can be expofed to it. 

i 
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CHAP. II, 



(COMBINATION OF THE SIMPLE OASES WITH 

EACH OTHER. 



S^£i. I, ^ -^ AzoT WITH Hydrogen. 



AtKALIS. 



The combination of azot with hydrogen forms a 
compoand termed Ammonia. This is one of 
three fubilances which, as they pofiefs a number* 
of common properties^ have been always arrang- 
ed together under the name of Alkalis. The re- 
maining two, Potafh and Soda, have not been com^ 
plctcly analyfcd : their analogy, however, with am- 
monia, renders it extremely probable that they are 
compounds ; and it has lately even been fappofed 
that their compofition has been difcovered ; that 
potalh is a compound of lime and hydrogen, and 

foda 
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foda a compound of hydrogen and magnefia. 
This, however, has not been proved by any con- 
cl alive experiments ; but as there is fomuch pro- 
bability in the fuppofition that thefe fubftances 
are compounds, and as they refemble ammonia in 
fo many properties, they may be confidered in this 
part of our work. 

The following are the general properties of al- 
kalis. They imprefs an acrid tafte on the tongue ; 
they inflame and even corrode the Ikin, and dif- 
folvc animal matter ; they change the blue or red 
colours of vegetables to a green ; they have a 
ftrong attradion to water ; they unite with oils or 
animal fats forming foap ; and they combine with 
another clafs of compound bodies termed acids, 
forming new compounds in which both the acid 
nnd alkaline properties are lofl. 



AMMONIA. 

When hydrogen and aiotic gases are ttiixed 
together, they exert no mutual adion, the gafe* 
ous form being an efFedual obft^ck to theit unf^ 
on. The compofition of ammonia, the totnjyound 
which refults from their combinatioti, was there* 

fore 
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fbre difcjQV^fed only by its d^oBafpofitioni, aod by 
its produdion in Q^tgin ^JiQinks^^ pcoce0e$ m 
which thefe gases are concerned. Dr. Prieftley 
obfenred, tlmt on fiJbje^i^ a^irHiQnia in tkt ftatc 
of gas to the a&ion of the ele^rk fpaxK it5 ya^ 
Isune is^ incre^fedi i^ i$ no Iong<er ab^irhable by 
Trater^ tmd b^ccmesL highly infiarnmable j a &- 
milar chai^ge be fouiid to b^ produced m it^ by 
p^Og it tbrougb an i^ted earthen tube ; and he 
farther found, that when the ammoiiia was heat^ 
ed with a metallic oxyd, the metal was . depriiieedl 
of its oxygen, and a gas was produced, pofleffing 
all the properties ^ azot* Scheele likewife ob« 
ferv^ this laft lad, and Bergman haaarded from 
it the conjediure^ that ammonia i& a compound of 
ag&ot and hydrog€ii>, a conj^ure which Berthollet 
tionfiroied by a variety of experiments, in wWch 
ammonia was decompofed. It was afterwards ef- 
tablkflied by fynthefia, ammonia being form^ed by 
pi?ofefiting the two gafSss to each oHiher m th^ir 
nafcent ftate,— »in other words, at the moment in 
which they are difengaged from a chemical com-^: 
bm^tion in which they exifted, and before they 
fully afiUme the gajfeous fbrm^. The fdution of 
tin in> diluted nitric acid affords an example of thi^ 
kind ; the tin^ attra£b the oxygen of the acid, an . 

w&U ai th^ oxygen of the water, and the azot cf 

the 
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the former and hydrogen of the latter being di(l 
engaged, luiite and form ammonia. 



Dr. Auftin from fynthetic experiments, ftates 
the proportion of aiot and hydrogen, as exifting in 
ammonia, at 121 of the former to 32 of the lat- 
ter. Berthollet, from his analyfis of it, ftates them 

at lai to 29, with which the late experiments of 
Mr Davy nearly agree, thefe making 1 00 parts 

of amimonia to confift of 80 of azot and 20 of 

hydrogen. 

Ammonia is afforded in great Quantity by the 
decompofition of animal fubftances, by heat, or 
putrefaction ; the azot or hydrogen they contain 
being difengaged and combining together. It is 
alfo yielded by fome vegetables. 

« 

The produdion of it from animal fubftances is 
the fource whence the ammcmia, ufed for chemical 
purpofeSy is obtained. It is at firft impure, but is 
freed from the animal matter adhej^ng to it, by 
combining it with an acid. In this manner the 
muriat of ammonia, or fal ammoniac, which is 
ufed in large quantity in the arts, is prepared ; 
and from this pure ammonisi is obtained. One 
part of this fait, the muriat of ammonia, is mixed 

with 
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with twd parts of newly flaked lime, in a retort^ 
and a moderate heat applied. The lime attrads 
the muriatic acid of the muriat of amnionia, an4 
the ammotiija is difengaged in the date of gas^ 
which muft be received in jars placed over m6r-. 
cm'y, and filled with that fluid« 

Ammonia, when pure, exifts in the date of 
permanent gas ; it is the lighteft of the gases, hy** 
drogen excepted, its fpecific gravity beipg to 
that of atmofpheric air as 600 to 1000 : it has a 
ilrong pungent fmell, and is capable of inflaming 
the flcin. It proves fatal to animal life, when re« 
fpired pure ; is incapable of fupporting combuC^ 
tion ; but is flightlyVinflammable, the flaoie of a 
candle being enlarged when immerfed in it, and 
when mixed with oxygen gas, it ,even burns, 

' ' ' - '^ 

Ammaniacal gas has a ftrong attradlion to wa« 

ter, and is rapidly abforbed by it, in very confl-^ 

derable quantity. The folution has the ftrong 

pungent fmell, and all the qualities of the am-^ 

monia, and was formerly confidered by chemifts 

as the alkali in its pure ftate ; but Dr. Prieftley 

ihewed that it is only a watery folution of it* It 

is the form, . however, under which the ammonia 

is ufually kept and ufed. It is prepared by mix-> 

« 
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irig fire parts of muriat of ammonia with twelve of 
flaked quick lime, and adding as much water a$ is 
fufficicnt td moiften them. On hc« being applied 
to the rfetort, the ammoniacal gas is difeng^ged, 
and is made to pafs through water, placed in ft 
feries of receivers, by which it is abforbcd. This 
folution is termed Water of Ammonia, or Liquid 
Volatile Alkali, fiom the tendency (^ the am« 
monia to pafs off from it in. the ftate of gas. 

Ammohia exerts no adlion on the fimple gaM^. 
Its combinations with other chemica} agents are 
afterwards to be noticed. Its attra^ions to the a* 
cids zt6 inferior to thofe of the other alkalis. 



POTASH. 



This fubflance was nfoally known hj the 
name of Fkxed Vegetable Alkali ; ficed, in con- 
tradiftindion to ammonia, which was termed Vola« 
tile Alkali ; and vegetable^ as being derived prin* 
^cipally from the burning of vegetabfes. In an 
impure ftate it forms the pota&es of commerce y 
whence the name Potaftf^ received into the new 
nomenclature, is derived. It would have been 
preferable, periiaps^ to have given it the terminal 

tion 
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tkm of Fotaila, but the other is now eftablifhed in 
chemical I^mguage, 

Potaih is obtaiaed by burning vegetables, ef-. 
pecially the woody parts. It forms the principal 
part of the afbes which renaain, mixed, however, 
with feveral other fubilances. The foluble matter 
is freed from the other impurities by fotution in 
water; and this folution, evaporated to drynefs, 
yields the pptaihes of commerce. Thefe conlift of 
potafb combined with carbonic acid, aad £ev^:al 
neutral falts. A iiecond folution of them is inade 
in water, and the greater part of the neutral falts 
is feparated by cryfiallization ; the carbonic acid 
is abftradled by quick lime, and a folution of pot- 
aih remains, which may be evaporated to dry- 
liefs* Tl^is potaih, however, is iUU impure. To 
obtain it in 9 ibite of purity, it is diflblved in al- 
kohol, which leaves the other faline matters mixed 
with it undiflblved, and the folution is evaporated 
to drynefs m a cup of iilver or tin. 



Fotaihfjthus purified, is a folid fubftance of a 1 

white colour, cryftallizable from its iaturated fo- 
lution in alkohol or water ; it is extremely cauf- 
tic^ chwges the vegetable colours to a green, 
9nd has fo ilropg an attradion to water as, to 

take * 
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' take it from almoft every other fubftance, aod to 
abforb from the atmofphere, in a very (hort limCy 
a fufficient quantity to render it fluid. It is fufi- 
ble at a moderate temperature, but can fcarcely 
. be Tolatilifed by the moft intenfe heat. It com« 
. bines with oils and fats, forming a perfed foap ; 
fufed with filiceous earth it forms glafs, and with 
. a larger proporticHi of alkali, a fubftance foluble 
. in water. It combines with all the acids, and 
has in general a ftronger attradion to them than 
either of the other alkalis has. It alfo unites with 
many other fubftances, as fulphur, phofphorus, 
and others, forming combinations afterwards to be 
noticed. It does not ad on any of the fimple- gas- 
es. 

The proper analyfis of potafh, it has been re- 
marked, has not been completely eflfedted; but 
there are a number of fads which appear to prove 
* its compofition. Thus it has been afcertaincd by 
experiment, that it is formed in what are termed 
nitre beds, or collections of the materials from 
which nitre is formed, though in none of thefe it 
could have pre-exifted. It is even probable, that 
in the procefs by which it is ufually obtained, the 
incineration of vegetables, it is at lead partly fotm- 
ed. From fads of an analytic kind, it has late- 
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ly been concluded, that it is formed of lime- and 
hydrogen, lime having been produced under cir- 
cumftances where, of all the bodies concerned, 
no6e could furnifh it but the potafb, and this pro- 
dudion of lime being always preceded by the 
combuftion and difappea^ance of hydrogen. O- 
thers have inferred from andogy, that azot is the 
alkaline principle, as it is the principal conilituent 
of ammonia. 



SODA. 

r 

J I 

Soda, the third alkali, has likewife been term- 
ed Fixed Mineral Alkali, as it is mora abundant 
than either of the others in the mineral kingdom. 
It is found native in the earth or on its furface, 
combined with carbonic acid ; and it exifts in im- 
menfe quantity in the water of the ocean, com- 
mon fea^falt being a compound of it with muria- 
tic acid. It is obtained principally, however, 
from the combuftion of feveral marine plants, the 
faline matter obtained from their afhes contain- 
ing this alkali combined with carbonic acid* The 
pure foda is obtained by the fame procefs as that 
employed for the purification of potafh. 

Soda 
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Soda when patk&ly purified is in a folid white 
mafs, which is capable of ciyftallization from its 
foluticm in alkohol or water : it is acrid and corro- 
fire, has a ftrong attradion for water, is fufible in 
a moderate temperature, melts with filiceous earth 
forming glafs; unites with oils, and combines widi 
all the acids. Its properties are fo very fimilar 
to thc^ of potaih, that in their pure date it is 
fcarcely poffible to difcriminate between them. 
They are eafily diftinguifhed, however, by their 
orders of attradion, and by the compounds whith 
they form* Soda has in general a weaker attrac* 
tion to the acids than potafii has, and the falts 
which they form with the fame bafes are very 
^li&rent in their properties. 

« 

From experiments fimilar to thofe from wfaidi 
the compofition of potafii is inferred, it is fuppof- 
ed that foda is a compound of magnefia and hy- 
drogen, or, according to others, of magnefia and 
axot. It is not certain whether the foda is form- 
ed during the burning of thofe fea plants fixnn 
which it is obtained, or whether it pre-exifts in 
them in the fiate of inuriat of foda, or of feme o- 
ther combination. 

Both 









SeSl. IL-- Combinations of Oxygen in general. 



The attradiive power of oxygen towards other 
bodies is more ^xtetifive tb^n timt c^ any other 
chemical agents and the hiilorj of its combinations 
^rms the moft important part of chemical fci-' 
toce; Thefe combinations are very generally at* 
tended with the emiffion of light and caloric».«^iii 
6th^t Wdrds, with the phenomena of combuftion : 
it is therefore neeeflkfy to takfe a general view of 
this irtiportaat procefs, before {Proceeding to the 
eonfideratian of its particnlar prodtidJts. 

< " ■ ■ 

The phenomena of combtiftlon, atld the di& 
tiadioii of bodies iftt6 cbmbuftible or infiamniabte, 
tod incombuftible c^ uninflammable, are fofficientw 
ly familiar. The latter, when expojfed to hcat^ bare 
their temperature raifed, and that in proportion tcr 
the degree of he'At Applied to them ; but wh^nl- 
cVei^ this cottimunication of caloric^ from an exter- 
nal fource, is ftopt, their temperature falls, and 
they return to their former ftatc^ Combuftible 

bodies^ 
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bodies, on the contrary, ^ben heated to a cer^rt 
extent, begin to fuffer a very evident change,*^ 
they become much hotter than the furrounding 
bodies, emit light more or lefs copioufly, and ap- 
pear to be confumed, or rather are converted uito 
fubftances altogether new, and which frequently 
arc not apparent to the fenfcs. It is this rapid' 
cmiffion of light and caloric, and this change of 
properties, and apparent lofs of fubftances, which 
conflitutc the procefs of combuftion. : 

» ^ 

Beccher advanced the firft rational chemical 
hy pothefis to account for thefe phenomena ; he 
afcribed them to the motion of a peculiar princi« 
pie, the inflammable earth, which he fuppofed all 
inflammable bodies to contain. Stahl, refilling on 
this fyftem, admitted with Beccher the exiilence 
of a common principle in inflammable bodies, to 
which be afcribed their inflammability : but this 
principle, which he termed Phlogifton, he fuppofed 
not to be an earth, b^it fire, or the matter of heat 

« 

and light. In combuilion he fuppofed it to be 
difengaged, and hence explained the phenomena 
attending that procefs, and the change of pro-* 
perties in the bodies fubjeded to it.* This hy po- 
thefis appearing to afford a fatisfa£tory^explana« 
tion of a number of chemical phenomena, was 

univerfally 



ilmverfaliy adopted^ nor for a conMerable penod 
was any do ubt entertained of its truth. 
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Ill framing thb hypothefi^, Stahl p^d no aU 
tention to the irifluecte^ of the air in combuftion^ 
Which befote his tinie had been demonftrated, and 
the nature of* it in fome degree afcertained, by 
the experiments of Mayow an3 Boyle. So far^ 
tbeiefi)fe^ it was defedtve, as it gave no explana&> 
tiion of the necefity of the prefence of the aiv 
for the fupport of that procefs* It had further 
been afeertiined, that fome bodies, inftead of lof^ 
iog, gsqn weight by combuftion — a fad inexpli« 
c&ble on the Stahlkui dodtine, fince it fuppofed 
that in that procefs a prindiple was merely difen^ 
gaged from the ^ombuftible body. 

» ■ • 

Varioos attempts were made to falve thefe di& 
ficultiesy but with little fucceis ; and the difcove- 
ries which Were foon after made of the nature and 
agency of the gases, pointed out ftill more clearly 
the deficiency of the original doffarine^ It was ob* 
ferved, that combuftion was more vivid in oxygen 
gas ; and it was fliewn by different, chemifts, that 
when it is carried on in atmofpheric air, the weight 
and volume of the. air are diminiflied to a certain 
extent, and it is nt> longer capable of fiipporting 

Gg that. 
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(h^t proceft, changes wMdh were likewife ]>T0Vai 
to be owing to the confufftption of oxygen. Thofe 
fads led to a new fyftem. While the greater 
number of chemifts kboffred to reconcile them 
with the hypothetical ideas of Stahl, znA for 
that purpofe propofed many modi^catbns of hii 
do£trine, Lavoi%r at once rejeded. it, denied 
the exiftenee of rhlogifton, and afcribed the phe<- 
Aomena of combuftion to the combination of oicy« 
gen with the inflammable body. By this com«« 
bination, the changes it fiiffers in ptoperties and 
in weight, as well as the correfponding ^bangea 
m the air, were accounted fot : and as |h0 doc^ 
t rine of latent heat had been prerioufly eftabliflied, 
the eyoIuti<m of caloric was thus alfo exfdaiited. 

iLCcording to this dodrine, then, inflammables 
are merely fubflances, having an atti^dioti to 
oxygen, and which, at a certain temperature, iire 
difpofed to combine with it : Combuftion U thia 
combination ; the produd of that procefs k the^ 
compound which refults from it} and the evohi- 
tion of caloric which accompanies it, is not from the 
inflammable body, but &om the oxygen gas. 

The firft principle of this theory, that jcmi- 
bnAion ia the combklatba of oittygen with the 

combuftibfe 
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cqoaibtt&ible.'bpdyi U pr(H^9d 1^^ tfaefoUoWmg ge- 
neral f^£bs : ifti CktOi^uftkHi ci^aifl gQ fin w|t^ 

piDpottioA to tli0 ^l««tity ^f ajfygefi iR.cipiQtf|# 

of . emibiifiiDQi tiki^.d^^gi^ prefix i$&ffifame4^ 
^dljr; T^ locrm^ ofiiwe^t :w3W«^ -ey^y eomt 
buSilxiiciabdy gairaiib fiumng, correlpq^ds ef»3;^ 
Igr tb ,the iwigfct ' lOf tbe Quantity: :>f P^ygWi p4 
ifrM©lltdi&iipiiii»£r^«&: *$Wy, ^hft nasintity ?f 
fiSfftSp i§l^pi5l?c#, 4>y ^^ox9buftibte:bo4y. mv 
§kw^^ h^ recovered fjcom tbq co^owid that h«f 
JMSea f^mvEfd^ aqd its y^eight i» equ4 tQ:the w^iglM: 
^ ti^iif^^^y whk^ bad difappeared during tbe 
^Qit^o^n. Thpfe &^8 hasre been eilabliAied by 
^e^G^^Gcimte ^i:pcriiDents ; they are true with- 
out Iknitation or exceptioa, and their fdi^e in efiac* 
blUhiQg tbe cooclufiop thatcombuftionis thecom^ 
bination of oxygen with combuftible bodies, caa* 
itot b^ eluded but by the moft iMUi;ayagant and 
unfounded Aippofiti(^« . 



From this principle, reddling the pature of 
the prpcefs termed ^Cqmbuftion, it remains tp e;|[« 
plMn the phenomena whidb attend it, the jninci- 
{tal of which it the.^volntioa of light and oil- 
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By the old^ chemifts it was: univerfally fup« 
pofed, that the caloric proceeded from the- tfi- 
flammable body ; and this is indeed an ojunijcm 
which muft appear unqueftionable, while the na- 
ture of combuftion i» iiot perfedly undeifiood* 
The burning body^j^sir^ lumii^ous andfeds in^ 
tenfely hot; and as no other agent app^rs to be 
eoncemedi the condofioafeeaistiiiftyoidabk^'that 
iCis from it that the light and heat are evolved. 
Biit when the nature of the influence of 4he ait 
in combuftion is underftood, when it Is pcoved 
that in that pfoccfs oxygen combines' with the 

combuftible body, it is obvious that this conclu- 

• • • t 

fion no longer neceflarily follows, fiinre where tw^ 
fubftances combine, if light and caloric are^volv- 
cd, it is a priori equally probable that they may 
proceed from the one or from the other. 5 Whe- 
ther they j^roceedfrom the oxygen gas or the 
combuftible body^ they muft: be feparated at the 
part where the combination takes place, that is,, 
upon the furface of the burning matter itfelf ; and 
confequently it will appear luminous and heated, 

while the gas being invifible efcapes obfervation. 
When it is further afcertaincd, that bodies in the 
aeriform ftate contain in equal weight's, and at 
the fame temperature, quantities of caloric much 

greaf;er than folids or fluids do, the concluflon be- 

•J ' ' " " 

comes 
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^^mies probafaki: that the cdoric evolved- in com* 
btiftfon proceiedS; i^athef from the oxygen gai 
tteri' &om the eofntmftible matter, irace the ferw 
mer cofitam a inueh larger quantity of thi» 
power than the latter. This is accordingly the 
expt^Blatioi^' that was firft given in the modem 
fyftemi'of thfe cftrigiii of -the caloric evolved in com- 
buftiom The greater number of combuftible. bo» 
dies exift ill the' foiidonflnid ftate^ and the com* 
pcHj^d formed by the combuftbn idbewife gener-^ 
ally exifts in one of thefe forms ; the caloric ex^ 
tric^ted wds thei^forA iuppofed to be derived from 
the condenfatton of the oxygen gas m the new 

<^ombtnation iiito which it enters* * 

< 

Though approaching to the truth, this expla- 
nation is riot ftridly tnie. It is riot merely from 
the oxygen gas being' condenfed that the caloric 
is evolved, becaufe iri many cafes of cdmbuftioa 
the produd ftill exifts in the gafeous form, and 
becaufe the quantity of caloric evolved in differ- 
ent cafes, bears no proportion to the degree of 
coiidenfatlon. Dr. Crawford, confidering this 
fubjedl under a riioire extenfive point of view, de- 
termined by numerous experiments, that the evo- ^ 
lution of caloric which attends combuftion, is ow- - 
ing to change of capacity; He found that the 

capacity 
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cxptBcity tS DXTgeh gat b much ffHMist xhwi"^ 
c:q>acities of cambuftible bodies; he likew^ af« 
certained that tbc capacity of tba compound ft* 
fulting from tbe combuflioci, is always much leS% 
than that of the ^ozygefi gas, v^hile it is almoft in* 
mriably greater than the leapacity of the cwsbuf- 
tible body, though ftiU inferior to the mean of th^ 
capacities of the two ; it is therefi»:e evidejit^ that 
caloric naijl be rendered fetfQbie diiri^g combuf^ 
tion, and that it is from the oi^ygcn gas that k 
iifuft be eiFolv(^d« In ^ifkt^at bodies the diflSsr-- 
ence in the prt^rtioxi of the capacities before 
and after combuftion is by no means uniform i 
and hence the difference in tbe quantities lof car 
loric extricated in various cafes of combination, a 
difference augmented by the variations in the de* 
gree of rapidity with which oxygen ap4 the dif- 
ferent pombuiliblj!^ bodies coinbine, 

Some chemifts have given a ^B^rent reprefen* 
tation of this fubjed* Hiey fuppoTe that oxygen 
gas is a chemical compound of oxygen and cal* 
oric ; that in combuftion the <oxygen is attra<Eled 
by the inflammable body, and that by this fu- 
t>erior affinity, the caloric is difengaged. ^v At a 
** certain degree of temperature,*' lays Lavoifier, 
** o»ygen poflejQKss a ilr^oger eledtivc attiadion 

" or 
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^ M^ dfifiity for phctfpftoniSi thtu for calonc ; 
** and in cmifeqiience o£ tim^ ]^bc)fptorusiAttni^ 
<» the bftfe of osjrgda gas firom the ^oricit vffticfa^ 
^ being fdt fr^e« spreads itfidf oTcr t^e funoui^ 
'< iqg bodies.'' HegfTvs a fittttlkir explsQatiosii 

of ewry . othw ctfe df combaftkui; ^ 

f - • « 

It 11 not difiScilt to determine which ef thefii^ 
expbaatioru; pr rather which of diefe mod^:of 
ezpreffii^ the fuae csphnationi: is. pr^tabte^ 
Unlfifs tile experiments of Crawfordi protuij^ 
tiiat a dimbutlon of capacity tdces i^ce^ wheo 
oagrgen combides with inflammable bodies, are iom 
vatidated; or unlefs it is Ihew^t that the diflferr 
rence in the quantities of caloric contained ia 
SSkrent bodies, which is expreSed by tajring, 
that they have difterent capacities, is owin^^to 
that part of the caloric contained in each above 
that contained in the others, being chemicaDy 
combined with it, it mu(t be evident that the 
knguage which fuppofes fuch a combination in^ 
Volves ian hypothelis, and is confequently unphi« 
lofophieal, while the other is ftridly inferred from 
the phenomena, and, as Dr. Crawford remarks, it 
is equally adapted to eicplain them, whatever 
opinion may be held refpeding the nature of cal* 
oric/or ks mode of exiilenoe^ 

It 



It remains to explain the oiigiq of the light e« 
mil ted during combuftion* :.WhiIe it wasbfefier-*' 
ed that light and caloric were efieotially the fame; 
the fame origin was neceffirilj' alBgned to both ^ 
hi the ancient fyftcm, they were fuppofed to pro- 
ceed from the inflammable/ body ; in the mq^re* 

m 

modern theories they have been derived from the 
oxygen gas. But as this opinion, with regard to 
the identity oFthefe two agents, is unfoiuid- 
ed, it is flili neceflary to enquire whence the 
light is derived; for it is evident, that from 
the fadt that the caloric is difengaged from the 
oxygen gas, we cannot infer, that the light muft , 
have the fame origin. 

Lavoifier, though he inclined to the opinion 
that light is a component part of oxygen gas, and 
that it is from the decompofition of this gas that 
it appears during combuftion, did not confideyt 
as fully elftablilhed, FoUrcroy fuppofes it to be 
demonftrated by the following fads, which o- 
ther chemiils have likewife urged in fupport of the 
feme opinion; '^ Gombuftible bodies afford much 
" more flame when they burn in oxygen gas alone, 
" than in atmofpheric air : there are combuftible 
bodies which do not burn with flame, except in 
oxygen gas : to difengage the oxygen from bo*^ 

dies 
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^ ^€s Vfhich CQxitaiif it, and convert k into oxy* 
^ Ipen gas, it is not fufficient ta dif6>lve it in a 
'^ grater or le& qaaB(tt7 of caloric^ but it b ne« 
^ ce&fj at the &aae time to add light : and laft^ 
** iy, there ^re burat bodies wiiieh lofe their oaQr- 
*' gpn 01^ the CQ&tadi of )a^bt aloae«^^ 

Thefe &6b prove nothings and it is fingnlac 
that thej fhould have been C6niider6d as of any 

r 

freight. Widi ttSptfi to the two firfl, it is obvi- 
OQs, as combuftbn is more rapid in oxygen 
gas than m atmo^ilieriG aiy, that, from what- 
«Ter fovrce the light may be derived, a great- 
er ^aiitity muft be evolved m agivisn time. And 
^hb refped ta the two h&t it is eqtially evident 
that they are expkmied, as well by the fuppoii-* 
tica3 that light has an attra&ion to the bafe of the 
laibHnmable body, as to the bafe of the oxygexi 
gas ; nor are the fafts themfelves more in favotu! 

of the one (bppofitimi than of the other. 

'«« 

* Ahhough there is no decifive proof that light 
is a cosiftituent principle of inflanmiable fubftan- 
ces, there are various confiderations which render 

■ Hh it 
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it probable. It is frequently evolved in combing* 
tions of oxygen, wjiere the oxygen is merely tranf- 
ferred from one inflammable fubftance to another : 
Jb\xt in fuch cafes it is highly probable that it muft 
proceed from the inflammable body ; fince, even 
fuppofing it to be a component principle of oxy- 
gen gas, it muft have been evolved in the combi- 
nation of the oxygen with the body from which, 
in tbefe cafbs, that principle is transferred. The 

* 

oxydatipn of Certain metals, by heating them with 
other oxy.ds, as with oxyd of mercury, and the 
deflagrations excited by the adion of fulphuric, 
nitric, and oxygenated mi^riatic acids, upon in- 
flammable bodies, afford examples of this kind* 
Other experiments have been made, apparently 
ftill more decifive, in which light was evolved, 
when the filings of different metals were heated 
with fulphur in vacuo^ or under mercury, when of 
courfe no oxygen was prefent to afford it. Thefe 
indeed have been objeded to, on the fuppofition 
that water was prefent in the materials, "from 
which oxygen might be derived. But, granting 
this fuppofition, which feems, however, not to be 
eftabliihed, it does not invalidate the argument, 
that the light muft have proceeded from the in- 
flammable body ; fince, fuppofing light to exift in 
oxygen gas, ftill it muft have been evolved in the 

combuftion 
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combuftion of hydrogen, by which water is form- 
ed ; and of courfe could not exift in that water, 
or in either of its principles. 

It feems probable, tterefore^ that the light ex- 
tricated in combuftion, is derived fro;n the in- 
flammable fubftance ; the oxygen combining 
with the bafes of thefe fubftances, and difengag- 
ing the light by a fuperior affinity. It is pcflible 
that part of (it may alfo be derived from the oxy- 
gen gas ; but it is evidently unneceflkry to fupr 
pofe fo, where the fuppofition is fupported by no 
fa<a, . 

It may be concluded, then, that inflammable 
bodies are compounds, confiding of light united 
with unknown bafes ; but as we are unable to 
feparate the light, fo as to.obtain thefe bodies pure, 
it is unneceflary to arrange thefe fubftances -as 
compounds. This opinion was firft maintained 
by Macquer, and/ has been revived by Gren. 
Some have affedled to'confider it as a medifica- 
tion of the dodrine of Stahl, light being fubfti- 
tuted for phlogifton. But this is a mere verbal 

» 

conceit, .which could have originated only from 
p rej udice in favour of that hypothefis. 

« 

Befides 
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Befides tbe fimpk <:adc of the con^inatia& cf 
oxygen with other bodies, which conffitutes coo»- 
buftion, there are fome others more complicated, 
in iii^hich, after being combined with one body, 
k is tsansfeired to another. 

Hefiagratum is a cafi! of this land. When a 
i|uantity of nitre, or nitmt i^pctafh, is mixed ^tii 
an inflammable body, and expofed to a red heat, 
-a vtyid combuftion is immediately excited. ^I%is 

■ 

^ termed Deflagration. The general exphna- 

^n of it 18 fufliciently evident. Nitre coniifts of 

potafh and nitric acid, the latter being a com- 

pomid of oxygen and azot The nitre, therefore, 

contains a latge quantity of oxygen, whkrh exifts 

in it iiva flate of combination fo wedc, that it is 

^^qmrated by expofure to be^; it is therefore eafi-> 

^y transferred to the ii^Sammable body, mid hence 

the vivid xombuflion tiiat ^is excited. Any other 

6it, containing the nitric or oxygenated muria^ 
tic ascid, produces the fame e^£L 

Tber^ is a difficulty in explaining f he origm 
df the quantity of caloric tendered fenflble dur- 
ing ddflagration. -The oxygen exifts in the falts 
concerned in that proce& in a concrete date, and 
it c^n , (carcely be fuppofed to contain, in fuch a 

ftate, 
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ibite^ tiaat large qtuantity of caloric which it c< iv 
tains in ttie gafeous form. Whence thea i* tftc 
Tcaloric which is extricated dm\:ed ? 

• " . 

it muft :firft be nemaiiked, that die quantity of 
-caloric oendered fcnfiWe 4urkig deflagration is 
twGvcd, iby the <xperaneirts of Layoifier with the 
talwTimeter, to be confiderably lefs than that c- 
volved from the confumption of the fame quanti- 
ty of oxygen by eombuflion. Still a lai;gc quan- 
.tity is evolved. It has been afcertainpd, however, 
that when nitric acid is fonried by tlje combina- 
tion of oxygen and azot, each previoufly e^ifiing 
in the ftace of gas, much lefs caloric is difengag- 
ed than in other combinarions of oxygen : it is 
alfo tnown, that when this* acid is combined with 
potaih to form nitre, a very inconfiderable quan. 
tity of caloric is difcharged. It is evident, there- 
Arc, that a very large quantity of the. caloric con- 
tained originaUy in the oxygen gas remains in 
the nitre ; and this will account for ;the quantity 
rendered fenfible in deflagration. 

It has been affirmed, that -the capacity of nitre 
for-caloric is not great, and that the united capa- 
cities of nitre and charcoal, are inferior to the u- 
nitcd capacities of the produ<as of the deflagra- 

tion 
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tioii of thefe fubftances. Were this accurately 
determined, it would not invalidate the above 
ftds, though- it would furnifti a ftrong argument 
in favour of the dodrine, that caloiic exifts in 
a ftatc of chemical combination-— a dodrine which 
indeed completely folves the. prefeht difficulty. 
But the fad itfelf has not perhaps been dctermin* 
cd with fufficient accuracy ; and in the reafoning 
founded upon it, the quantities of the fubftances 
afted on in deflagration feem to have been ne- 
glcded, a very large quantity of nitre being ne- 
ceflary for the complete deflagration of a quanti- 
ty of charcoal. 

The origin of the light extricated in defla- 
gration muft be explained in the fame manner as 
its appearance in combuftion. ' 

From the quantity of azotic gas difengaged in 
thofe cafes of deflagration in w hich nitrous falts 
are iifed, if the materials be inclofed' in a metallic 
tube, . ptevious to its being kindled, a ftrong ex- 
panfive force is exerted, and an explofion takes 
place, which is ftill greater where the fubftance 
deflagrated is one which, when combined with 
oxygen, produces a compound exifting in the 

gafeous form. This is termed Detonation. There 

are 
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are fome cafes of it, ia which fuch a quantity of 
heated gas is fuddenly extricated, that the refift* 
ance even of the furrounding atmofphere is fuffici- 
cnt to occafion the fame phenomenoih 

The laft cafe of the combinations of Oxygen is 
that where it is transferred from one body to ano 
ther, without, being accompanied by the pheno* 
niena of combuftion. Thus all the acids contain 
oxygen : it frequently happens, when an acid is 
poured upon an indammable body, that its oxy- 
gen is attraaed by the latter, and the other com- 
ponent principle of the acid is difcngaged. Wa- 
ter, which is a compound of oxygen and hydro- 
gen, is often decompofed in a fimilar inanner. 

In fuch cafes, the extrication of caloric which 
takes place is much lefs confiderable than in com- - 
buftion, partly from the oxygen as it exifts ia 
the acid having been deprived of a large portion 
of its caloric, and partly from the abforption of 
caloricby the produds of the decqmpolition. Nei- 
ther does any difengagement of light attend this 
procefs; probably becaufe it paffes from the in- 
flammable body, to.the bafe with which the oxy- 
gen was united in the body decompofed. 
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The combination of oxygen with any body is 
termed in general its Oxydationy or Oxygenation. 
Wh*n the compound which refults has a foot 
taf^ ^s capable of reddcniog the vegetable co- 
lour- and of combining with the alkalis and 
C'cirUi , it is termed an -/^rw/ ; when it pofiefles 
no iC f thefe properties, it has the name of Os^d. 
Cxyd-* and acids* therefore, are two orders of 
camp 'Uads refulting from the combinations of 
oxygen. In general, the oxyd is the produd of 
the firft degree o£ oxygenation, or of that com- 
bination in which the body is united with a fmaU 
proportion of oxygen ; while a compound of an a- 
cid rjc'.nre is produced by a higher degree of oiy- 
gcnatiom To this, however, there are many ex- 
ceptions. There are fubftances which are incap- 

ft 

able of being acidified ; they are either only cap- 
able of uaitirig with oxygen iti one proportion, and 
produce an oxyd, or, if they unite with it in 
different proportions, th^ prodtifts are always oxyds 
diftinguifhed by different properties* There are 
other fubftances , again, which form acids, even in 
the firft degree of oxygenation ; ait leaft, their 
exiftettce in the ftate of oxyd has not bectf une* 

Guivocally proved. But in all thofe fubftai^ces 

• ■•'''•■ 

which, by combining with oxygen in -different 
proportions, produce both oxyds and acids, the 

' oxyd 



(OiyA is mvAriaWy tkeprodofa ©f t^ffi firft ^qgr^e 
(of oxygea^tion, aod ttie acid refuhs f^om the h4^ 
id^oa i^ a liiig«r pcopottioa of Oi^ys^o. 
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7he btder of o!^ds isidiftmguiihcdbxjio com« 
"i»m properties^ except, pechaps,. the . general one, 
of combining with greater faciUtj .wilih a Jarg^ 
<«r proportion of oxygen. The term was introduc- 
»td oaereiy as ^a oonrenient one to denote {ko&i 
compoui^s, the produ^of o^ygti^naiion^wJtuQli 
db^ve.sio ^ctd propeirties. 



sJckiSf m the contirwfy, ;bave oertam common 

{pn^peities by whioh rthey are: diftinguiihed. They 
jare four .to the .taftevad: as cauftics on anhnal 
imatter, have a ftrong Bttrad:ion .to water, change 
itbe vegctthle colours to a red, oicy date in(lan}L- 
jmaUe and metallic fiibftances, and combitie with 
the dlkaUs^ the earths, ^nd metallic oityds, forming 
icompounds in which the properties of the acid, or 
iOf the fubflanoe with which itis united, tto longer 
-cadft. 



The fame fubftance is in feTcta! inftances cap- 
able of uniting with two proportions of oxygen, 
fo as to fonn two a04 compounds, diflejrent in 
their properties frOTi each X)tber4 T^ Xttlphut, 

I i with 
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with a certain proportion of oxygeJn, forms an a- 
cid» which exiits in the date of gas ; and with a 
larger proportion, another acid, which requires a 
flrong heat to volatilife it: and in like manner phof- 
phorus and axot, by difiereiit degrees of oxygena- 
tion, form different acids* In the new nomen- 
clature, the names of thefe compounds are exprefil 
cd with much perfpicuity. The name of the acid is 
always derived from the particular fubilance from 
which^ by combination with oxygen, it is formed; 
and the difference in the date of the ^cid, from the 
different degree of oxygenation, is expreffed by 
a variation in the termination. Thus the acid 
formed from fulphur with the lefs proportion of 
oxygen, is termed the Sulphureous acid ; that 
with the greater proportion, the Sulphuric ; and 
in like manner we have the Fhofphorous and 
Phofphoric, the Nitrous and Nitric, denoting the 
different acids from the fame bafe. One or two 
acids are capable of combining with a ftiU larger 
proportion of oxygen, which rather impairs thaa 
increafes their acid prc^erties. To denote thefe 
acids in this ftate, the term Oxygenated is pro- 
fixed to theiir bfual names^ 

The compounds which the acids form with 
' the alkalis; earths, and metallic oxyds, are termed 
* Neutral 
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Neutral Salts, They are in general foluble in 
water, are capable of cryftallization, and have 
much lefs adivity as chemical agents than the a- 
cids or the bafe from which they are produced. 
The nomenclature of theifi, falts is precife and lyf- 
tematic. All the faltp, containing the fame acid, 
are confidered as forming one. genus, to which as 
many fpecies belong as there are falts formediijy 
the union of that acid with alkalis, earths, or 
fn^^allic <)xyds« The generic name is derived 
from the name of the acid, the fpecific name from. 
that of the bafe with which it is !init;pd. Thu^ 
all the falts formed by the fulphuric acid are term- 
ed Sulphats ; as the Sulphat of Fotafh, of Soda, 
ofXime, &c. ; and the fame nomenclature is^ex- 
tended to the others., The names of the falts 
formed by the acids with a lefs quantity of oxy- 
gen, arc exprcffed by a variation of termination ; 
thofe containing the fulphureous acid are termed 
Sulphit:^ $ ; ^and in like manner we have Nitrate 
and Nitrites,, fhofphata and Fhofphites, &c, 
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Sc^. III. — — Oxygen iflxn Hybkooek 



WATER, 

OitYGEN, when doflabined with anyfimple m^ 
flammable body, not metallic, to the point of fa^ 
toratioii, forms an acid. The prefent Cafe is the 
bnly exception: oxygen and hydrogen ckh bd 
combined in only one proportic^, and watef is m* 
Variably the r eiiik of this combination. 

Thie idea o^ the compofltion df watet feemi to 
have occurred about the fame time to Mr Watt 
and Mr Cdv^ndifh ; the former inferring it froiii 
feme e^tperiments in which it was decompofed^ 
the lattet, from finding that when oxygen and 
hydrogen gases are fired together, water is the 
only fenfible product. The latter experiment 
was foon after performed on a large fcale, with 
the greateft accuracy by Laroificr and the French 
chemifts, with the fame refult. The difcove- 
ry, belides its intrinfic importance, derived 
an adventitious confequence at that time, from 
its intimate connexion with the explanations of 

the 
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the aatififajogiftio iySbsm^ which were then warm- | 

}y coiiteftcd : it was therefore rdu&enjdy admits 
tei ; and there ' were certain ambiguous circupi^ 
ftances in the experiments by which it was q&jb^ 
btiibed^ that affinrded, in fome degree, reafons for 
doabt. It was ofaferred in particular, that the 
water produced was frequentlj acid ; hence it was 
concluded, that this acid was the real prodadt of 
the combination, and that .the water depofited 
wus only tliel quantity held in fohition by the 
gases/ The origin of this acid, however, was fa- 
fisfa^ldrily explained. It was found to be either 
carbonic or nitric acid : — the former is derived 
from a fmall quantity of carbon, which the hydro- 
geri. When prepared from certain materials, often 
contains; the latter from a portion of, azot, of 
tvhich it is extremely difficult to obtain oxygen 
entirely free. It was alfo at one time affirmed, 
that the quantity of water produced is not equal 
to the quantities of oxygen and hydrogen confum- 
ed ; but the contrary has been eftablifhed by the 
xnoft acciirate experiments on a large fcale ; ex- 
periments which obviate every objedion, . and 
leave -fcarcely any doubt as to the compofition of 
water. The proportions of its principles have 
been ftated at 85 parts by weight of oxygen, and . 
15 of hydtogeh, or rather 85,662 ft^ I4,338, 

/ . The 
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The compofition of water his likewife been . 
eftablifhed by its analyfis. When paffed over 
iron, zinc, or charcoal heated to ignition, its oxy- 
gen is attrafted by any of thefe fubftrnces, and 
its hydrogen is difengaged. Even at a low tem- 
P' famre, iron or zinc can decompofe water with 
rapidity, when its attradlion to oxygen is promot- 
ed by the difpofmg affinity of an acid. 

t • 

Water has alfo been decompofed by the agen- 
cy of eledlricity. If an interrupted eleftric^l dif- 
charge be made to pafs through a quantity of the 
fluid, it is refolved into oxygen and hydrogen gas- 
es, and the mixture of theie may be inflamed by 
the eledric fpark fo as to form water. ' Still more 
lately a decompofition of it h^s been found to be 
effcded by the galvanic influence, difcharged by 
the pile of Volta, fo Angular as to have given rife 
to doubts refpedting its compofition. If, as has 
been formerly remarked, a wire from the top, apd 
another frpm^the bottom of the pile, be inferted 
in a tube of water,,fo as that theif extremities {hall 
be diftant one or two inches, a fl:renm of hydrogen 
is emitted from the one wire, and of oxygen from 
the other. If the water is decompofed at thele 
points, what becomes of the- oxygen at the 
one pointy and of the hydrogen at the other ? 

This 
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This is a qucftion not eaiily anfwered. It has 
even been affiritied, that a given quantity of 
water may be converted entirely into oxygen, 
or hydrogen, according . as it is conneded with 
the top or bottom of the pile ; and it has been 
concluded, that the eftjbliflied opinion refpedling 
. the compofition of water is falfe. Such a conclu- 
, fion, however, is too hafty, while we remain fo lit- 
tie informed as to the nature of the agency of this 
power, and are unable to give any fatisfaftory ex- 
planation whatever of its eScds. 

The general properties of water are well known. 
When pure, it is taftelefs, inodorous, colourlefe, 
and tranfparent Like other bodies, it owes its 
. fluidity to the operation of caloric, ice being its 
more natural ftate ; by the farther adion of that 
power, it is alfo converted into vapour. 

As a chemical agent, water is of the'firfl: im« 
portance. It is capable of combining with a very 
great number of bodies ; few indeed are altoge- 
ther exempt from its adion. It abforbs fmall 
quantities of the fimple gases, and is alfo diflblved 
by them, and retained by a force of attraction fo 
great, that it is not certain if they can be entirely 
freed from it. Of thcfe gases it feems to have the 

ftrongeft 
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ftrongeft attrsrftion to oxygen ; a dreuiik(yiide 
which explains feveFul chemical and natural phe<> 
.nomena. It alfo abforbs a quantity of atoioiphe'- 
ric air, widch readers it fparkliag, and caufes it to 
lit lighter on tlie ftomach. Water is the ibl* 
vent of all falm^ 'bodies, and it is to its prefeocc 
that they owe their cryftalHne forai. It is liJbc- 
'wife capable of diflblvin-g earths and Hones in 
greater or lefs quantity, and ^1 more of reducing 
them by attrition to a flate of extreme jnecfaanisul 
divifion. It exerts a confiderable af^ion/im^e 
metals, affording them oxygen flowly, even at a 
^natural temperature. Laftly, it is the fai vent of 
the greater number of the annual ^nd vegetable 
produds, and by communicating fluidity to them, 
facilitates 'their fpontaneous decompofition. Water, 
therefore, from its extenfive agency, isofithe^rft 
importance in the economy of nature, and is the 
immediate inftrument by which many important 
operations are performed. 

From the great folvent power of water, it can 
never be obtained pcrfcAly pure, but by arl« 
Spring water, rfver water, &c. are all impregnate 
ed with faline, earthy, and even metallic bodies, in 
quantities more or lefs confiderable, according to 
the ftrata over which the water has run. Rain 

water 
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water is free from thefe impregnations, but it is al« 
ways found to have imbibed a quantity of atmo- 
fpheric air, or of carbonic acid ; and ih the neigh- 
bourhood of cities, it is rendered ftill more impure. 
Water is rendered perfedlly pure by diftiUation ; 
and for any chemical procefs, in which much ac- 
curacy is requiiite, diftilled water muft always be 
employed^ 



Seit. IV. — . Oxygen with Azot. 



Oxygen and Azot mixed together, form atmo- 
fpheric air; when cornbined in vblxious proportions, 
they form not lefs than four compovmds :-.-NitriG 
Acid, confifting of about four parts of .oxygen to 
one t)f azot ; Nitrous Acid of 3 to r j Nitrous 
Gas of 2 to I ; and Nitrous Oxyd of rather leis 
tlian an equal part of oxygen. 
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Nitric acidj 

The acids which refult from the combinatioii 
of oxygen with aiot, had been long known 16 
chemifts, but their chemical compofition was un- 
known till difcovered by Mr. Cavendifh, On 
taking the eledric . fpark for fome time in atmo<* 
fpheric air, he found that its volume was diminifh- 
ed| and that if the experiment was performed o« 
ver wat«c it became fenfibly acid. On examine 
ing this acid, he found it to be the nitric ; and 
therefore concluded, that itls a compound of oxy- 
gen and azot. The proportions he ftates at 72.2 
cf oxygen, to 27-8 df azot, Lavoifier Aippofes 
them to be rather 79 to 20 ; while Mr. Davy ha» 

# 

lately reduced the. proportion of oxygen fo low as 
70.5 of oxygen, to 29.5 of azot< The acid, how- 
ever, produced in Cavendifli's, and perhaps in 
Davy's experiments, is not the pure nitric, but 
the nitrous, whicb contains a lefs proportion of 
oxygen than the other. The combinatioft of 
thefe gases with each other is Angular, in not* be- 
ing accompanied with the emiffion of light, and 
with the extrication of a very inconfidcrablr quan- 
tity of caloric. 

The 
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The compofition of nitric acid is,c(Mifirmed by 
its analyfis. If paflfed through an ignited glafs or 
earthen tube, it is converted into oxygen and a^- 
zotic gasfis 2 6r if aded on by an inflammabte 
fubftance, which can attraft its oxygen, it is con- 
verted into nitrous gas } and this* .by a further 
fibftradion of oxygen, is converted into-^ot. . 

IS^itrlc a^cid. cannot be produced in. any con* 
fiderable quantity by the dired combi^is^tiop of. its 
principles; chemifts, therefore, prepare it by de* 

CJompofing the compound of it with pdtaih, the 

>*" 

nitrat of potafh, or nitre of comnjiefcc, a fait 
which is produced in great abundance in warm 
climates, either fpontaneoufly, or by the aid of 
artificial arrangements* Two parts of this fait in 
coarfe powder are put into a glafs retort, and rar 
ther more than one pait of a peculiar acid, the 
fulphipic, is poured upon it, and heat applied* 
This acid exerts a ilrong attradion to potafh, and 
com^nesi with it, and the nitric acid is difengagr 
ed. From the degree of heat which is neceflary 
to diftil it over, and from the influence of the 
difpofing affinity of the acid itfelf to nitrous gas, 
it fuffers a partial decompofition, part of its oxy- 
gen is feparated, and the produft of the procefs is 
not mtrtc^ but nitrous acid. But this is eafily 

converted 
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converted into nitric, by expofing it to a moderate 
heat in a wat^r bath, by which the nitrous gas 

•which it contains, and which renders it red and 

■•> 

. fuming, is expelled. 

Nitric acid thus obtained is a colourlefs tranf- 
parent fluid, poflefling in a very eminent degree 
all the general properties of acids. Its fpecific 
gravity, when concentrated, is 1 554 j but in this 
ftate it flill contains a quantity of .water, from 
which it cannot be entirely freed, even by freez- 
ing. Expofed to the air, it emits white coloured 
fumes, and imbibes moifture. In combining with 
water it produces ^ heat ; poured on fnow or ice, it 
' melts it, and produces intenfe cold. It is partial- 
ly decompofed by a temperature very moderately 
increafed ;' and by the temperature of ignition, 
is converted entirely into oxygen and azotic 
gases. Light likewife decompofes it partially, ex- 
pels part of its oxygen, ^nd re^iders it coloured 
and fuming. It is not fenfibly affeded by any of 
the fimple gases. 



This acid unites rapidly with the alkaUs,-and 
exerts to them a ftrong attradion. Its attradion 
is 'ftrongeft to potafh, and weakeft to ammonia. 
Thefe combinations form an order of neutral falts, 

termed 
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i termed NitratSy the general properties of which arc 

f their cool penetrating tafte, their affording orty gen 

\ gas by expofure to heat, emiting red fumes wheti 

I heated with (ulphuric acid, and deflagrating with 

■ inflammable bodies. ^ :v- 

I/?. NiTRAT of Pot ASH. This fait, the Nitre 
or Saltpetre of commerce, is produced by na- 
ture in abundance in warm climates. It is found 
mixed with the fbil at the furface of the earth, 
and is feparated fron\ its impurities by folution in 
water and cryftallization. In colder cHmates 
the formation of it is affifted by art, Anim^ and 
vegetable matters in a ftate of putrefadion . ^re 
mixed, with old piortar, or carbonat of lime, and 

K 

formed into heaps, which are covered with flieds 
to proteft them from the rain, but which give ac-^ 
cefs to the air; after fome montlis, theffljBfaterials 
are ^^aflied with water, when they afford the com- 
pound, falts, which confift of nitric acid with pot. 

• ' . , 

.afh, and with lime. To the folution a quantity 
of potafh is added, by which the nitrat of linxe rs 
decompofed, and the nitrat of potafh is obtained 
pure by fucceffive folutions and cryftallizations. • 

The circumfl:ances indifpenfible for this forma- 
tion of nitre, are the prefence of animal and ve- 

getablc 
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getabie matter mixed with lime, a certain degrjoe 
of moifture, and the accefs of atmofpheric air, 
Puring the protefs, the nitric acid is formed. By 
the flow decompofition which the animal matter 
undergoes, azotic gas is difengaged^ and is pre« 
fen ted in a nafcent ftate to the oxygen of the at- 
inofphere, whence the formation of the acid : the 
prefence of the vegetable matter feems ufeful bj 
moderating the putrefadion, and perhaps alfo by 
fumifhing a quantity of oxygen with which the 
azot combines ; the lime adls probably by a di£- 
pofiiig affinity, pnmioting the combination of tb? 
oxygen and azot, and afterwards attrai^ihg the a-f 
cid that is formed; andthefuperiority of carbfnat 
of lime to the earth in its pare date, or to the al* 
Icalis, a fa£l which has been afcertained by experi- 
ment, is probably owing to thefe latter fubftances, 
ading too rapidly on the animal matter, combining 
with part of it, and refolving the other pzxt into 
aipraonia : laftly, the utility of moifture may be ex* 
plained, from its abforbing and retaining in fomc 
meafure the difengaged gases, and diffufing thro' 
the materials the nitrous falts when they are form** 
ei. Experiments render it probable, that in this 
procefs a quantity of potafh is alfo produced. 

Nitrat 



[: !bJitrat of* potafli, according to Kir\frdn, is cJom-» 

pofed of 44 of nitric acid, 51,8 oif potafti, and 4.* 
Water of cotnpofition.. ft cryftalfites in odtohaetlral 
prifmatic cryftals, its tafteiscool and penetrating, it 
is foluble in 7 parts of water at 5o^ and In an equal 
weight of boiling water, melts on the appltcadon 
of a moderate heat, and by a ftronger heat is de-^ 
compofed, its acid being refdlred into oxygen and 
azotic gases. 

Heated with inflammable fubfta nees, nitrat of 
potafh excites a vivid combuftion or xleflagtation, 
hy yielding its oxygen. From this property it is 
applied to an important purpofe in the comppfi- 
tion of gunpowder, which is a. mixture of it with 
charcoal and fulphur. When an ignited particle 
is introduced into this mixture, it excites a vivid 
combuftio», which is rapidly propagated through 
the whole mafs ; and large quantities of azotic, car- 
t)onic acid, and fuiphureous acid gases with aque- 
ous vapour being extricated, fheelafticity oiF which 
is much increafed by their high temperature, a 
powerful expanfive force is produced, A fimilar 
compofition ftill more powerful, is the pulvis jvi-^ 
minans^ compofed df nitrat of potafh, carbonatof 
potaih» and fulphun This, when merely heated, 
without being confined, detonates with violence, 

probaUV 
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probably from the rapid produdion of fulphiirat- 
ed hydrogen, which, combining with the oxygen 
of the nitre, inftantly forms fulphurcous acid gas 
and aqueous vapour, the ckftieity of which is at 
the fame time much increafed by the quantity of 
caloric fuddenly extricated. 

* K ' 

4 

. < 2. NiTRAT of Soda. This fait, not being found 
in natuxe, is formed artificially by the combina-^ 
tion of its principles. Its tafte is cool and pene- 
trating; it is' foluble in 3 parts of water at 6o\ 
and in an eq^ual weight of boiling water : it cryf- 
tallizes from the latter folution, its cryftals being 
of a rhomboid al figure. It is fufed and decern* 
pofed by heat, like nitrat of potafli; arid, like it, 
it deflagrates with inflammable fubftances. It 
confifts, according to Kirwan, of 53.21 of acid, 
40.58 of fpda, and 6.21 water of compofition. 

I* 

3. Nitrat of Ammonia. This fait is likewifc 
prepared by art. It has a cool bitter taflie, is fo- 
luble in 2 parts of water at 60, and iUt.half its 
weight of boiling water, the latter folution aflford- 
ing, t>y cooling, prifmatic cryfl:ak. Thefe coftfift 
of 57 parts of acid, 23 of ammonia, and 20 of wa- 
ter. They are flightly deliquefccnt. J^pofed 
to heat, they undergo the watery fufion. When 

* the 
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the temperature is above 300 , the fait is decom- 
pofed, the hydrogen of the ammonia attrads part 
of the oxygen of the acid, and forms water, and 
* the remaining oxygen combines with the azot of 
the acid and the azot of the alkali, and forms a 
peculiar compound, tetmcd Nitrous Oxyd, or 
Gafeous Oxyd of Azot. When the temperature 
is raifed above 6oo% the decompofition is more ra- 
pid, accompanied with detonation, from the fud-. 
den production of aqueous vapour and azotic 
gas. 

Nitric acid ads with violence on ip^anmiable 
fubilances, and is decompofed more or lefs com-^ 
pletely* by the greater or lefs abftradion of its 
oxygen by the inflammable body. It likewifd 
oxydates and diflblvps the greater number of the 

> 

metals* 
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Nitric is converted into Nitrous Acid by 
whatever abftrads a portion of its oxygen. 
The common mode of obtaining this latter a- 
cid, however, is merely to decompofe the nitrat 
#f potafh by fulphuric acid, with the affiftance of 

1 I heat 
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heat. The nitric acid, as has been obfeived; fur- 
fers a partial decompofition during the procefs^ 
and hence it is the nitrous which is obtained' by 
diftillation. It differs from the nitric in being ot 
a yellow or orange Colour, and in emiting copious* 
ted fumes. It is highly corrofi ve, and poflefles allr 
the acid properties in an eminent degree. It 
exifis in the flate of gas ; but in that ftate it can- 
not be properly examined, as no fubflance can' be' 
ufed to confine it In its liquid ftate, in which it 
is combined with a quantity of water, its fpecific 
gravity, when concentrated, is 1580. It has a 
firong attraction to water, and theif combination 
is attended with an increafe of temperature.. Al 
a difengagement of nitrous gas attends^ this com^ 

bination, it feems to be the nitric, not the nitl^ou^ 
acid, that unites with the water. 

The compofition of nitrous acid has been 
varioufly flated. Cavendiih concluded, that it 
confifts of more than 2 parts of oxygen to i of 
azot. Lavoilier flates the proportions at 3 to i ; 
and more lately, Mr. Davy niakes the proportions 
in the pale yellow acid to be 70.1 to ig.g^. and* 
in the deeper orange coloured, 69.6 to 30.3 
There feems, indeed, to be' no acid, a compound 
of oxygen and azot, in one uniform determinate 

proportion. 
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proportion, different from the nitric ; the nitrous 
* being nothing but the nitric, holding in folutiona 

greater or lefs quantity of nitrous ga^, and being 
' more or lefs coloured, according to the quantity 

it contains. 

- Jl... t^ ', . r' . . •». 

Nitrous acid afts upon inflammable Cabfl;9fliQ^ 
and, metals, in the fame manner as.nitri(;,:Qxydatr 
ing theqi, and frequently combining jyitb^the pro- 
du<9:-of this oxydation> It ,combiacts. with .the 
alkalis, forming . fait s, which , .accordii]|g to the 
^principles of the.new nomenclature,, are termed 
Nitrites. Thefe cannot b^ formed by adding 
the acid to the alkali* the nitric acid only entering 
into combination, sffid the nitrousgas being dif- 
jengaged. They can be obtained by decompot 
ji^ partially the nit rats bj a moderate he.?^, a 
jmall quantity of oxygep being expelled, and the 
nitrous acid remaining combined with the bafe. 
Thefe Iklts, however, a^re rather to be qonfidered 
as compounds of nitric acid and thefubilances with 
which it is united, to which a portion of nitrous 
^as adheres ; and th^s gas can be expelled by tfte 
addition of. any weak acid. In their pr:Qperti€|S 
they larie v?i:y ftmilar to .the jpitrgtSt ^ 

^OTKoys 
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NITROUS GAS. 

I 

This compound of oxygen and azot has a lefs 
proportion of oxygen in its corapofition than the 
former, and differs from them in having no acid 
properties. It cxifts in the ftate of permanent 
gas» The cafieft mode of obtaining it is, to de- 
'compofe the acid by means of a metal. Upon 
one part of copper wire, one part of nitric acid, di- 
luted with three parts of water, is poured, and a 
very gentle heat is applied ; the metal attrafts 
part .of the oxygen of the nitric acid, and the pro* 
4u(9: is nitrous gas, which is difcharged with effer- 
Tefcence, and may be coUeded in jars placed over 
water. It is permanently elaftic and <:olourlefs ; 
it is abforbcd by water in very inconfiderable 
quantity ; it does not redden any of the vegetable 
colours, or Ihew any acid properties j its fpecific 
gravity is to that of atmofpheric air as 1 19 to 
100. It is fatal to animal life, and proves nearly 
as no^xibus to vegetables. It is likewife incapable 
of fuppqrting combuftion in general, though there 
^e feme fubftances which burn in it with fplen- 
dourr It is not inflammable. 
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The moft ftriking and important property of 
this gas, is the Facility with which it combines 
with oxygen gas; If atmofpheric air be admitted, 
red fumes immediately appear from the forma- 
tion of nitrous acid, and the volume of the air di- 
miniflieis, from the combination of its oxygen with 
the nitrous gas ; when oxygen gas is admitted,, the 
diminution of volume is more rapid, and, if the 
two gases are pure, there is no refiduum. A- 
bout one part of oxygen is neceflary to faturatc' 
ai parts of nitrous gas. During this com- 
nation^ no light is extricated, and very little ca« 
loric. 

This property of nitrous gas of combinmg with 
oxygen gas, at natural temperatures, and of form- 
ing a compound eafily abforbed by water, has 
bsen. applied to the purpofe of eudiometry. A 
given quantity of the gas is added to the air, con- 
taining oxygen J — the diminution of volume 
produced, is meafured by a graduated tube, and 
the quantity of oxygen prefent eftimated from 
the quantity of nitrous gas neceflary to be added 
to produce the full diminution. This method, 
however, though fimple in the management, is of 
all others the moft inaccurate, the refults being 
influenced by various minute circumftaaces j as, 

the 
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Ihe fiM of the vefielsi the degree of agitatioB ;€m« 
plQjre^f and the time dormg which thejr are al* 
low^d to Hand, ^smd the nitrous gas itfelf being 
alwu^s mi jced with: ^(greater or leiis proportion of 
ajsot* , 

.Nitrons :gas ibarcely eombinet with either 6£ 
the ibtber iimpfe gases ; mixed ^ith hydrogeq^ 
it x^aufes it to bum with a green flame* Neither 
does it combine with ammonia, or with the fixed 
i^alis. It is .dccompo&d by a .n umber of inflam* 
mabte fuhftances wHich abftrad its oi^jgen -parti- 
ally or completely, and convert it into nitrous ox«- 
yd or axot. By the agency of the eledric fpark, 
. it is/qfaanged intp.aiot, and tnitrous acid.- 

The proportions of nitrojifs gas are dated bj 

Xtavoifier at 32 ofazotiand 68.Qf oxygen ;-by Ctai;- 
i;y,5at 44and5b. 



: mxaOUS OXTO, ^^ CASEOUS OXYB OF AZOT. 

^ ' ■ 

Ths compound to which thefe names are ap- 
plied, is that in which , oxygen is combined with 
suzot in the leaft|pt^rtion. It is obtained by isa« 

trious pcocefies in which 4iitroaSega$ . j^r ixitQC .acid 

is 



ir decompoied, by fiibftances eapabk of attta£t. 
ing^ the greatfer part of their oxygen. It is ^tt» 
produced by expofing nitrous ga^ to the aOta&w 
lulphite^ or fulpfaurets, to muriat of tin, fiilphuK^ 
ed hydrogen, m hydrogen in ite nafcent f^te ; 
and it is extricated^ inixed with: azot, and m^ 
nfttous gas, during the iblutions of zinc, iron, and 
d&er metals, in nitric acid. The mofl ccmi^eni* 
cM mode of obtaining it is by the decompofitaoir^ 
of nitrat of ammonia by heat; At a temperatme 
between 34c», and 480°, bodi its conflituent pria« 
ciples are decompofed; tfaes^zot of each combinea 
with a portion of the oxygen of the acid, and 
forms the nitrous oxyd } the hydrogen of the am- 
monia combining with the remaining oxygen of 
the acid, and forming water* Mr. Davy has 
ihewn, that this i» the only procefe by which it is 
obtained pure ; and that former chemifts, having 
obtained it by other procefies, had always examuiw 
ed ^ iti an impure Hate* 



Nitrous oxyd exifts in the form of permanent 
gat; it ptDduces no change in the vegetable 
colours, and fufiers no diminution of volume when 
mixed with oxygen or nitrous gases. It is abforb<> - 
ed by water, the water, at a mean temperatureg 
taking up about half its bulk. 

This 
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• This conipouiid does not diredlj combine 
with the alkahs, or^ their folutions ; but when it is , 
prefented to them in theur nafcent ilate, the com- 
bination is effeded* Thefe compounds deflagrate 
when heated with charcoal, and ate decompofed 
by the acids» the nitrous oxyd being difengaged. 

One of its mod diftinguifliing properties is its 
capability of fupporting combuftion. Phofphorus 
bums in it with fplendour, and fulphur with a vi- 
Tid rofe-coloured flame. That bodies may bum 
in it, it is neceflary that their temperature ihould 
be raifed confiderably higher than that at which 
their combuftion takes place in oxygen gas or 
atmofpheric air« 

The effeds produced on the animal fyilem by 
the refpiration of this gas, are of the moil Angular 
kind, and eminently diftinguifh it from every o- 
ther chemical agent. It had always been fuppof- 
ed to be, equally with the other compound gases^ 
noxious to life; but the experiments which ap«- 
peared to fupport this opinion were made with 
this gas in an impure ftate. Mr. Davy, by ob- 
taining it pure, afcertained that it could be breath- 
ed with fafety ; and difcovered the Angular efiefls 
it produces. It adls as the moft powerful ftimU'^ 

iant^ 
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lant ; excites every fibre to tu^on ; j[m)duces a 
fenfe of thrilling over tlie whole body, frequently 
accompanied with fenfations of the higheft plea* 
lure i and mufes the faculties of the mind, indu« 
cing a ftate of high exhilaration, which, in gene« 
ral, is not followed by languor or debility, but 
rather by vigour and a dilpofition to exertion, 
continuing £ot iomt time, and gradually fu6« 
fiding. Thefe efied^ we pi;oduced, either when 
it is infpired pure, or mixed with atmofpheric 
air^ V^ i^ ttndiluted ftatei^.the infpiratipn of it 
cannot be continued above four or five minutes, 
as infenfibility is indui;ed : an animal confined in 
it dies even fooner than in oxygen gas ,or atmo« 
fpheric air, apparently from the high excitement 
it ocqafions. From its highly fUmulant powers, 
it has been applied with advantage to the treat- 
ment of Several difeafes of debility. 
■\ • 

. The analyfis of nitrous oxyd ia performed by 
the eledtric fpark, or by pafling it, through an 
ignited earthen tube* It is thus converted into 
nitric acid, and a gas analogous to atmofpheric 
air. Frofu analytic experiments of tljjis kind, 
Mr* Davy concludes, that it is compoTed of 37 
parts of oxygen with 63 of aw)t. 

Mm CHAP* 
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SiMI'LE INf LAMMA»L£^. AK^S "FHCtRt 
BINARY GOMfilKATIONS. 



Ukoek the title of Simple Inflammabtes, may be 
arranged thcee fubftancesy Carbon^ Sulphur, and 
Fhofphorus; Their general charaders are, that 
they exift in the folid form, but are totally defti* 
tute of the metallic fplendour, opacity^ and gravi- 
ty ; they are highly inflammable, and form acids 
by combination with oxygen* 



CARBOKi 
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GARBON.-^DIAMOHD. 

When vegetable matter, efpecially the wood 
of plants, is expofed to heat in clofe veflfels, the 
more volatile parts ^re expelled or decompofed^ 
and there remains a black, fhining porous body, 
termed Charcoal. This conflfts principally of tj, 
peculiar inflammable niatter, which bums in at- 
mofpfaeric air, forming an acid, the Carbonic ; but 
there likewife remains after this corabuftion a 
fmall quantity of falinc and earthy matter, which 
the charcoal contained. This peculiar iiiflam- 
mable matter, which is the principal part of char** 
coal, and which, mixed with the fmall portion of 
ibreign fubiUnc^s, forms indeed its entire fub- 
jftance, is termed Carbon^ in the language of the 
iiew nomenclature. It is an abundant principle 
both ini vegetable and animal fubftances, and is 
the refidimm Which they afibrd when decompofed 
by heat, ^ 

This fabftance Was fuppofed in the modern 
fyftem to be iimple ; btit late experiments have 
Ihewn that it is not perfedtly fo, but is rather an 
inflammable body, in a flate of imperfet^ oxyda- 

tion. 
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tion. It had been known for fome time, that the 
diamond is inflammable ; it had even been afcer- 
tained by the experiments of Lavoifier and Ten- 
xient, that by combuftion it produces an acid, 
prccifely the fame as that formed by the bum. 
ing of charcoal. At length Morveau difcovered, 
by a feries of experiments, that the diamond is, 
properly fpeal^ng, pure carbon, the fimplc in- 
flammable bafe of the qarbonic acid; and that 
charcoal, in it$ pureft ftate, or when mod free 
from accidental mi^fture, is this fioiple fubftance, 
combined with a portion of 03tygen, lefs than 
that neceffary to form the cfirbonic acid. This he 
Ihewed by proving, that a much greater quantity 
of this ^cid is farmed from the combuflion of a 
certain weight of diamond than from the fame 
weight of charcoal J a 8 parts of the latter combin- 
ing with 72 of oxyjgen, to form 100 parts of the a- 
Old ; while 17,8 of diamond combine with not 
lefs than 82.1 of oxygen to form this quantity. 

As both afford the fame prpduft by oxygenation, 
and as they differ only in requiring different quan- 

thies of oxygen to form it, it is evidept, that the 

pne muft differ from the other in containing a 

portion of oxygen 3 — that diamond is the fimp^e 

])afe, of wluch charcoal is ihp oxyd. . 

Mprveau 
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diamokdJ 26^ 

1 

Mprveau likewife difcoycrcd, that there are 
fome fobftances in intermediate degrees of oxyda- 
dation between diamond and wood charcoal. The 
fubftance termed Plumbago, and feveral foffil fub- 
ftances known by the. name of tncombuftible 
Coal, are of this kind. 

"" ^> . 

Diamond* — Thiis fubftance is diftinguiflied 
from every other, by its eminent luftre, tranfpar* 
ency, and hardne&. It is found cryilallized, ge- 
nerally colourlefs, but likewife not unfrequently 
of various colours. Its fpecific gravity is from 
3.44 to 3.55. It is not aded on by any of the a- 
cids, nor indeed by ahnqft any chemical agent; ' 
oxygen excepted at a high temperature. When 
placed in oxygen gas, gnd expofed to the folar 
rays concentrated by a power^ lens, its colour 
firil becomes dull, and its furface is fenfibly black- 
ened,— -changes owing to partial oxydation. When 
the application of the light is continued, the dia- 
mond at length inflames, but faintly; nor it a fuf- 
ficient quantity of caloric extricated to keep up 
the temperature requifite to its combuftion ; it is 
therefore neceilary to continue the application of 
the folar light colleded by the len$. Rather more 
than four parts of oxygen ^e requifite for the fa* 

turation 



Mje PXUMBAQO. 

turation of thf^ diamond ^ and five parts of carbon* 
ic acid are produced. 



Plumbago, or Graphite, ufually known by 
the name of Black ^^d,.is of a black Colour, fo- 
liated texture, fuft, and fomewhat unduous to tbe 
touch. It is not altered by cxpofure to air or wa- 
ter, neither is it aded on by any of the acids. It 
is likewife fo unalterable by fire, ^s to be ufed in 
making crucibles and furnaces. If it be kept, 
however, in long ignition in an intenfe heat, it fuf- 
fers a gradual combuftion, yielding carbonic acid, 
tknd affording a refiduum of oxyd of iron. It can 
•likewife be deflagrated with nitrat of potafh, and 
affords the fame produds. Schecle even obierved, 
that it requires double the quantity of nitrat of 
potafh for its deflagration that wood charcoal 

r • 

does. 
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From this analy fis o£ ^plumbago, it was confi* 
dered, in the antiphlogiflian fyftem, ^s a com- 
pound of carbon and iron. Morvean has ibewO, 
that by oxygenation it affords more carbonic ^cid 
than an equal weight of charcoal does ; it there- 
fore contains lefs oxygen, and may be confidercd 
9S diamond in its firft fiate of. oxydation* The 

iron 



i 

iton dcKSS- not feem to be very eifeatid to hs con^ 
ftitution, and is nev^ in a confiderable xn^ojMMrtbn. 

■ - ^ 

The ftibilances lermed Ihcombaftibk God^ are 
fimilar to plumbago in their dJfBcidty of biinungv 
t and& as Morveau ha^ afcertained, in reqmring a 

i 

^ " ■ lai^er quantity of oxygaa than charcoal does, ^ 
^feeir faturation. The chafcoaJ obtained ftowi 
^ the dccompofition of anirtoal matter by heat in 
dofc vefifels, is fcareely cftpabe of eombining' 
vnth oxygen, but at a very high temperature, and 
even coal when it has been coked, or expofed to a 
llrong heat without the free acce& df air, is not 
fo eaMy kindled as common charcoal* Thefe 

■ . . ' • * 

f«bftax^:es, therefore, probably dif&r from char* 
coal in being lefsoxydated, whence they have the 
^ prop^fty of requiring a higher temperature for 

their combuftion ; carbon, like azot, being render- 
ed by a partial oxydation more fufceptible of com* 
bining with a larger proportion of oxygen. 
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CiiARCOAL, orOxyd of Carbon, is obtained, as 
has befeq obfervedj from the combuilibn of wood, 
conduced in fuch a manner that the free accefs 
of the air is, not permitted. The conftituemr 
"l^rinciples of the wood are difengaged in new 
combiaations, aad the charcoal, is tt^e refidatun. 

It 



', 
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It contains Tarious earthy and metallic fubftances;^ 
thefe are not cflential to its compofition, nor 
are they in any confiderable pr(^rti(m« fel« 
dom amounting to more than a 200th part of its 
weight. By certain procefles charcoal may even be. 
obtained nearly free from them. As this fubftance 
is in an oxydated ftate^ it is probable that in die 
procefs by which it is obtained, the carbon of the 
vegetable matter has combined with the oxygen 
either of that matter, or with that of the atmo* 

fpheric air. 

/ • 

» \ 

Charcoal is folid, brittle and fonorous, taflelefs 
and inodorous, and perfedly black. It is extreme* 
ly porous, and is, apparently from this porofity, ca« 
pable of abforbing large quantities of the gases, 
without fuffering any change in its prop^ties. 
Water or atmofpheric air produce no change in 
it at a low temperature, and it is not altered by 
any degree of heat applied to it in clofe veffels. 

But when heated to the temperature of igni- 
tion in contact with atmofpheric air, it burns, 
with a red or a white light, according to the ra- 
pidity of the combuftion, and with the extrication 
of a large quantity of caloric. In oxygen gas, its 
combuftion is much more vividi and^ if the gas is 

pure, 






Af this ca^ttilipn l» an'^cld, the ^loe with tbftt 
jfarme4 in t^ cofiibuft^on tifxHp ^9Mimoiid« as it is 



This acid contains in the lod partd, ;^i of oty^ 
|;en and 28 of ch^ircoal; j;:harcoal» however, itfeli^ 
contains a quantity of oxygen : the exa£l propo^^ 
tions^ tJ]j?reforp, gf its fimpk principles, as ^fcer« 
lained by Morveau, ate 17.88 of piire carbon^ 

^9Qd 82.19 of oxygen. Befides this mode of ob^ 
taiiungit by the diredl combination of its eleDients^ 
it is abundantly produced in the combuilipa 
ef fuel, wood, and yege^ble inatter of every 
kind,-^in the fendentation of vegetable fubflan<« 

' ces, and in the decompofition pf animal mattei^ 
by putrefaction or heat« 

The QXiftence and properties of this acid were 
difcovered by Dr. Blacky who named it Fixed 
Air, as he found it to be fixed in, or combined 
with^ a,, number of fubftances, mi aSf. when freed 

N n frooi 



r 



I 



274 CARBONIC ACID. 

from thefe combinations, it alTumes the aerial 

• •» 

form. It exifts in abundance in nature. In its 
aerial ftate, it is found in caverns and mines, and 
it is prefent in the atmofphere in inconfiderable 
proportion : — in a ftate of combination, it exifts in 
great quantity in marl, chalk, limeftone, and mar* 
ble, thefe being compounds of it with lime. It 
is a conftitueiit principle of many mineral waters, 
to, which it communicates pungency and their 
fparkling quality. 

, To obtain this acid, for experiment, any quanti^ 
ty of chalk, limeftone, or marble, may be expo fed 
to a ftrong heat, when it is expelled; or fulphuric 
acid diluted with 3 parts of water may be poured 
upon any of them, it immediately combines with 
the Ume, which is one of the conftituent princi- 
ples, and the other, the carbonic acid, is difen- 

» 

gaged. 

Carbonic acid gas has a fpecific gravity to that 
of atmofpheric air as 1500 to 1000 : — it is inca- 
pable of fupporting combuftion, and proves im- 
mediately fatal to life : — water abforbs about 
an equal bulk of it : — the pure gas, or this 
watery folution of it reddens the vegetable co- 
lours, and has aU the general properties of acids, 

though 
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though in a degree much lefs confiderable than 
many of the other acids* 

Carbonic acid^ combines with the alkalis and 
earths, forming neutral falts. As its agid powers 
are comparatively weak, lb the changes which it 
occafions in thefc bafea by combining with them 
are in general inconfiderable. The alkalis ftill 
retain their peculiar tafte and acrimony ; they 
change the vegetable colours to a green, and 
poflefs indeed all their peculiar properties, only 
in a lefs degree. The changes produced in the 
earths are rather more confiderable, but ilill feve- 
ral of the original properties are retained. Be- 
fofe the time of Dr. Black, thefe compounds were 
confidered as modifications of the alkalis and 
earths,, and were termed Mild, to diftinguifti them 
from the others which were named Cauftic. He 
ihewed^ that they contain carbonic acid, and 
Bergman demonftrated that they are neutral falu^ 

The diftinguiihing charader, of this order of 
neutral falts is their property of efFervefcing on be-r 
'ing mixed with acids : this is owing to the attrac- 
tion of the carbonic acid to the bafe being fo weak, 
that it is feparated by the acid added : in the mo- 
ment of its reparation it aflUmes ^e gafeous form^ J 



j 
■•1 
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and 
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«nd, nfing through the liquor, taoducar tlie wfi* 
pcarance termed £flrervefeeii<!e. 

Camokat of ^OTAiH. «^ Fotafli, kx t^ ft^ 
defies by which it is j^rej^iemd, n always coxajbin^t 
f>d with a quandty of cairbcmipadd* Tfais» li0W<« 
ever, iit not fufficieiit to fetorate if $ iiidpcsi t^oit 
Ibrm, therefore, a perfeft fieotral fait, but a €om«^ 
]^und, witli an ei^cefs of aUtali* which may te 
fermed the Sub-e^rhonat of Pptafii^ Itnctha 
fubltance that has bden kn(n;m ta chemiflts under 
the names of Mild Vegetable Alkali, Salt crf^Tar-^ 
tar, Stc. It is ofually in the form of a coarfis 
powder, perfeAIy white, its talte is acrid, and it 
pofiefies ibme caufticity, though not fo much^ia 
pure potafh ; it is deliqueicent,is foluble in half its 
Weight at water^ combines with oils, and is de-» 
^Ompofed by acids, or expofore to heat, its acid 
'being driven dfil it coufifts of 60 parts jc£ pot^ 
aih, 30 of ecirbonic acid, and 6 of water. 

The neutral carbonat of potaih poflefles pro- 
perties different from thofe of the fub^catbonat. 
It is capable of cryftallizing ; its cryftak do not dii* 
liquelice 00 eJtpofure to the air, but are rather ef^ 
florefcenf ; they requi]re for their folution four 
limci theit weight of water at a me^ tempera* 

ture. 



fn^e. Tbiy Sdl though tt fo» little of tbe aO^ 
Hue tafte or acr&emiy, HSli dh»tige^ the r^gietable 
^oloUi:« to a green. It confills of 41 of pota^^ 45 
of daitotik acidf tod 16 of watei". It id decom^ 
pofed by heat« by all the acids, which combine 
irkblttT^bftfe, and ^ fimey bafy tes^ and ftroatkeS| 
which altftiA its 



This neutral fak may^ketrlle ht fi^rfiumrat^ 
4d li^ith cai?b(^fe atid, b/introducing the add gas 
into si folbtioti of the all^ati in water. The fblutioja 
ac^res a pungent aciddloas tade, and is ofed m 
medicine as being more pleafaoit and ttiild than 
the alkali in any other ibrrn. 

CarBonat of Soda* -^ Soda, in the ftace in 
which it is ufually prepared by ^tbe incineration 
6f marine plants, is combined with carbonic acid^ 
This carbonat of foda^ freed by folution from th^ 
impurities with which it it mixed, cryftallizef 
m rhomboidal ctyftals j thefe efflorefce sn expo^ 
fure to the air ; they are foluble in twice their 
weight of water, at a mean temperature, and in 
an eqtial weight of boiling water. The taftc of 
tiris^ (alt is alkaline, but with little acrimony j it 
changes the vegetable colours ro a green; it 
Ibficffr deeompofitions fimilar to thofe of the car^ 

bonat 
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bon^t ,of potaihy and is further decompofed by 
pure potalh which attradls its acid. When fully 
faturated with acid and cryftallized, it confifts of 
21*58 parts of foda, 14.42 acid, and 64 water. 

, Carbonat of Ammonia.— This fait msly be 
obtained by the dircft combination of its princi* 
pies, ammonia and carbonic acid gases combin- 
ing with facility, and forming a concrete fait. It 
is ufually prepared by expofing to a moderate heat 
, equal parts of dried carbonat of lime, and muriat 
of ammonia in powder ; the lime attrads the mu- 
riatic acid of the muriat of ammonia, and the am- 
monia combines with the carbonic acid of the car^ 
bonat of lime ; the carbonat of ammonia formed is 
fublimed by the heat that is applied. Another 
prbcefs to obtain the watery folution of it is, to 
expofe to heat equal parts of muriat of ammonia 
and fub-carbonat of potalh, with twoparjts of wa- 
ter ; the ammonia attracts the carbonic acid of 
the latter fait, and is volatilifed with the a queous 
vapour. * 

Carbonat of Ammonia is a concrete fait, fo 
volatile, that it exhales at a natural temperature; 
it retains the pungent ammonial odour and tafte, 
is flightly c audio, and is capable of changing the 

vegetable 



TegctabTe colours td a green. It is foluble in 
twice its weight of water at a mean temperaturfe^ 
and in lefs than its own weight of boiling water, 
and is capable of being cryftallized. It is decom- 
pofed by the two fixed alkalis, by feveral of 
the earths, and by nearly all the acids. Accord- 
ing to Bergman, it confifts of 43 parts of alkali, 
45 of acid/ and 12 of watef. Its compofition, 
however, Mr. Davy oblerres, is various, according 
to the temperature* at whichitis fcni&ed I'^o much 
fo, that the proportion of ammonia varies from 20 
to 50 parts in the 100. 

, ' . . . • . ' 

Carbonic acid fcarcely exerts any . action oti 
1;he metals, or on inflammable fubftances, owing 
to the ftrong attradion which exifts between its 
principles. From the ftrength of this attradion, 
it feemcd^ fcarcely poffible to decompofe it, as 
no known fubflance has a ftronger attradion to 

. oxygen than carbon. This decompofition, how- 
ever, has been efFe<Sed by the aid jof concurrent 
affinities. A fmall quantity of pjiofphorus is ex- 
-pofed to a red heat with carbonat of, lime ; a 

, quantity of carbonaceous matter, mixed with phof- 
phat of lime, is obtained ; the carbonic acid being 
decompqfed by the concurrent affinities of phof- 
phorus for oxygen, and of phofphoric acid for 

lime. 



I / 



lime^ Mr. Cf|iic|(i^nk h^^ fhrnn^ ^^9t H U ^ 

poirttally det<^xy4ated wjbea carbonat iDf lim» i» 
jbeated with filin9t^ifP0t£»ii^i|s(aQr4i|f«ar))t» 



Carbo^y i& capable 4f combioicig with hyAm* 

>geii, and Ibrms a compound gas, tennfid Hjdii^ 

carbonate, or Carbonated Hydrogen. There woe 

feveral gases of this kind^ obtained by different 

^ :proc0^s» "wj^ioh differ 91 their properties 2md in 

rtbe prpfortji^psi .«f tJil^jr ,«(^^ 

If chareodi be hesn^ i^ v^tCs, Mid ^imt» 
be dropped flowly \^ii it, it is d^QiH^poffdj 
omte pact of the carbon coti^bbing ^kh k^ o:^y- 
Ifon, another with its hydrqgeu, cajrb^iii^ wi4 
and hydix)Qarbonate are Ibimcd. Thefib pa6 
<£[ia the ilate of gas iioiaed together : , the car- 
bonic acid may be abftrai^dby wafhingtiie mti^ 
ed gas with liaie water, and the hy4ioc«ibonate 
gas is thus obtained puo^ . 



This gas has 'a Jpecffie -pAntj greater than 
that of pure hydrogen j it iatcir tfait of atmolpheric 
air as II to 23 } it tslefs infliinmiable, bums with 
a ^biue flame, and does not explode, even when 
mixed with atmofpheric air, previous to its in- 
flammation. It is more immediately fatal to ani* 
mal life than the greater number of the gases. 
It has the Angular property of communicatmg to 
the blood and mufcles a florid red hue. 



1 



The produdis of the combufldon of this gas are 
water and carbonic acid. Mr. Cruickfhank, from 
afcertaining the quantities of thefe produds, and 
the quantity of oxygen confumed, fuppofes it to 
confift of 4 parts of carbon, 1,3 of hydrogen, and 
9 of water. It may, however, be rather the ele- 
ments of water, than water itfelf, which it con- 
tains; and in this cafe it will be a ternary com-^ 
pound of carbon, hydrogen, and oxygen « 

In the de^ompofition of alkohol, ether, or cam- 
phor, by palling thefe fubftances in the ftate of va- 
pour through an ignited tube, other gases, fome« 
what different from the former, are produced. 
They are heavier ;' their fpecific gravity, accord- 
ing to the experiments of Cruickihank, being to 

O that 
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that of atmofpheric air, as ,15.5 to 23.5 ; and tbey 
contain a confiderably larger proportion of carbon. 
In their properties they are very fimilar to the 
foimer. 

; There are ftill other two gased difierent from 
diefe, one produced by expofing to heat mixtares 
of metallic oxyds with charcoal, the other from a 
mixture of filings of iron with the carbonats of lime 
or barytes, Thefe are very fimilar to each other, 
the one being only a little heavier ; their fpecific 
gravity is nearly the fame as atmospheric air, be- 
ing as 22 to 23 ; hence they are nearly twice as 
heavy as the hydrocarbonate, from the decompo*- 
iition of water . by charcoal : they burn with a 
blue lambent flame, and do not explode when 
prcvioufly mixed with atmo^heric air. Mr. 
Cruickfhank has clearly Ihewn, that they differ 
from the preceding gases in qbntaining a larger 
proportion of oxygen, as by the addition of a 
fmall portion, of oxj^gen they are converted into 
carbonic acid : they are indeed nearly pure gafe- 
ous oxyds of carbon ; a fmail portion of hydrogen 
feems, however, to enter into their compoiition, 
and they itiay be confidered as ternary compounds 
of that element with carbon and hydrogen.^ 

Sea. 
• Nicollbn's Journal, VoL V. 
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Sulphur is a Ample inflammable fubftancej 

found in abundance in nature in various ftates. 

- ' • ■ ^^ 

Native fulphur is either cryftallized, or in compaft 
mafles^ and in both forms is found in the neigh- 
bourhood of volcanoes. It likewife exifts in large 
quantities, combined with fome of the metals; 
and from fome of thefe, particularly from th6 
combination of it with iron^ it is likewife extract- 
ed for tht purpofes of commerce* The fulphur 
obtained from either of thefe fources, is freed by 
fublimatioa from the fubtlances with which it is 
naturally mixed or combined. Sulphur is alfo 
contained in ihconfiderable quantity in feveral 
vegetable and animal produfts. f 

Sulphur is a folid brittle fubftance, taftelefs 
and inodorous, except when heated pr rubbed, 
when it emits a flightly foetid fmell. Its fpecific 
gravity is 199. It. is in£)luble in water. It 
melts at 223 of Fahrenheit, and at the fame tern- 
pcrature is volatiliefd. At 3Q0 it burns in atmo- 

fpheric 
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fpheric air with a blue flame, and the emiflfion of 
very pungent fuffogating fumes. At a higher 
temperature it bums with a white flame j and in 
oxygen gas, its combuftion is vivid. 

« 

I 

Sulphur combines with oxygen in two pro*, 
portions, forming compounds of an acid nature, 
diflfering in their properties from each other. Ac- 
cording to the principles of the new nomencla- 
ture, the acid'with thelarger proportion of oxy- 
gen is termed Sulphuric ; that with the lefs pro- 
portion, Sulphureous. The acid powers of the 
former are much more cpnfiderable th*n thofe of 
the latter. 



/" 



SULPHURIC ACID, 

» 

Th i s acid is formed during the combuftion of 
fulphur. When the combufl:ion is carried on ia 
atmofpheric air, the bxydation is imperfedl, and a 
confiderable quantity of fulphureous acid is form- 
ed. In the manufadure, therefore, of the fulphu- 
ric acid, the fulphur is mixed with from one-eighth 
to ope- twelfth of nitrat of potafli; the mixture 
is kindled, and placed in a large leaden chamber; 
by the flow cpnibuftion of the fulphur, fulphuric 

acid 
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lacid is formed, which is abforbed by water placed 
in the "bottom of the chamber^ This liquor, after 
a certain degree of impregnation, is expofed to 
heat in glafs retorts, fo a^ to deprive the acid of 
the fuperfluous water^ the fulphureons acid, and 
nitrous gas, with which it is mix^d. It is not per- 
fedij^ pure, but contains fmall quantities of ful- 
phat of lead, and fulphat of potaih, from which it 
may be freed by diftiUation, or, in a great mea- 
fure, by dilution ^th water. Beiides this mode 
,,pf obtaining this acid, it was formerly procured 
[ by decompofing by heat the green vitriol of com- 
merce, or fulphat of iron ; and hence was ufually 
named Vitriolic Acid. 

Sulphuric acid, in its ufual degree of concen- 
tration, is heavier than any other acid, its fpeci- 
fie gravity being to that of water as 1850 to 
ipoo ; it may be concentrated fo far as to have 
a fpecific gravity equal to^ 2000. Even in this 
flate, it contains a quantity of water, according 
to the experiments of Mr. Kirwan, not lefs than 
10.7 parts in the ICO. It has been obtained in 
a concrete ftate; but this feems to depend ^on 
its containing a quantfty of fulphureou3 acid, 
which gives it the property of congelalion. The 
pure acid, apart from the water which it always 

contains, 
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contains, is fuppofed by BerthoUct to confift of 
36.8 of oxygen, and 63.2 of folphur. 

Sulphuric acid, in its ufual fluid itate, is co- 
lourlefs and tranfparent, of an oily cons6ftence, 
inodorous, extremely cauftic, fo as to ideftroy any 
animal or vegetable matter on which it falls ; it 
reiddens deeply the vegetable colours, and pof- 
fefles in an eminent degree the general properties 
of acids. At a temperature fomewhat inferior to 
600 of Fahrenheit, it is volatilifcd, without faf- 
fering any change. It has a ftrong attraftion to 
water, and combines with it in every proportion : 
A confiderable rife of temperature is produced by 
their combination from .change df capacity. 



Sulphuric acid is not altered by oxygen or a- 
zot ; hydrogen at a high temperature decompofca 
it by attra<fling its oxygen. Nitrous ^ gas is ab- 
forbed by it ; it combines with nitrous acid, and 
forms a compound <which diflblves filvcr, but 
fcarcely any other metal. It is decompofed by 
a number of inflammable fubftances, which at^ 
trafl: its oxygen. If poured on any vegetable or 
animal matter, a decompofition of this kind takes 
place, and a quantity of carbon is evolved, which 
gives the acid a brown or black colour, 1 1 is aHb 

rapable 
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capable of oii^ydating and diJOolving a number of 
the metals, either affording to them part of its 
oxygen, or, by a difpofing affinity, enabling the 
metal to decompofc the water . which is pre- 

fent. 
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Sulphuric acid combines with the dkalis, and 
forms neutral falts termed Sulphats. It has in 
general a ftronger attradtion to them than any of 
the other acids have ; and heppe, the falts which 
it fcMrms arc not eafily decomppfed. Barytes and 
.ftrontites are capable of decompofing them, by 
exerting a ftronger attradion to their acid. Wh^n 
heated with charcoal, their acid is decompofed by 
its oxygen being attraiJled by the carbon. 

SuiPH AT OF PoT^^sH. — This fait is generally 
prepared by the d;red combination of its princi- 
ples, or by decompofing, by fulphuric acid, thofe 
falts which have potafli for their bafe. Its cryf* 
tals are not deliquefcent ; it is foluble in 12 
parts of Water at a mean tjcmperature, and in 
4 parts of boiling water; is fufed and volatil- 
ifed by heat, without decompofition. It con- 
fifts, according to Bergman, pf 40 parts of acid, 
52 of alkali and 8 of water, Kirwan ftates the 

, proportions 
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proportioiis of it, when dried, at 45** of acid, add 
54*8 of alkali. 

This fait can be decompofed only by baryj 
tes and ftrontitcs, by a fingle attradion ; it may 
be like wife decompofed by a number of neu- 
tral falts by double elediVe attradion, and by 
feveral of the acids by means of what has beeil 
termed reciprocal aflSnity. ^ If nitric acid be di- 
gefted upon part of it, it is decompofed, and 4 
quantity of nitrat of potafh is formed. Not mort 
than one third of the fait can be d^ompofed, 
whatever quantity of the nitric acid may be ufcd. 
The decompofition is effedted by confpiring affi- 
nities, by that of the nitric acid for potafh, and 
of fulphat of potalh for an excefs of fulphuric a- 
cid ; the former would be ineffedual, but is pro- 
moted by the latter : the produfts are nitrat of 
potafti^ and acidulous fulphat of potafh. Sulphat 
of potafh is likewifc decompofed by heating it 
with charcoal, the carbon attrads its oxygeii, and 
the potafh remains combined with th^ fulphur. 

The acidulous fulphat of potafh has a four 
tafle, reddens the vegetable colours, and is more 
folufile in water than the neutral fait. 

SutPHAT 
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SuiPHAT or Soda,— .This fait exifts in confider- 
able quantity in fait fprings and lakes, and is even 
found at the furface of the earth. It is prepared 
artificial!}^ by decompofing comxnofi fea fait, or 
muriat . bf foda, by fulphurifc acid, this acid u- 
niting with fhe foda of the f^t, and forming 
fulphat of foda, which is obtained by folution 
and cryftaHixation ; . its cryftals are foluble in 
three times their weight of water at a mean 
temperature, and in rather lefs than an equal 
weight of boiling water; they are efflorefcent, 
undergo the watery fuflon, by heat, but fuffer 
no decompofition. They confift, according to 
Kirwan, of 18.48 of alkali, 23.5a of acid, and 58 
of water of cryftallization. 

This fait is decompofed by potalh, which at* 
trads . its acid, and fufiers partial decompofition 
from the nitric and muriatic acids* 

SuLPHAT OF Ammonia, — * This fait has beea 
found in the neighbourhood of volcanoes, and it 
may likewife be obtained from the foot of wood 
01^ coaL* It Bjay alfo be prepared by the di- 
rect combination of its principles, or by decom«* 
pofing ammoniacal falts by fulphuric acid. It is 

P p foluble 
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foluble in twice its weight of water at a mean 
temperature, and in an eqtnd Weight of hoiling 
Dtrater. It » eafily volatifiifed by heat, part of 
its ammonia^ however, being expelled. In its 
tryftatiized ft ate it confiftd, according to Kirwan, 
l$f I4.24 0f amsK)nia, 54.66 of acid, and 31. i of 
Water. It is decomposed by the two filed alkalis, 
%nd by feveial of the earths^ which attrai^ te *« 
tid. 



TflTs kxnd is formed during the burning of fid« 
^hur in atmofpheric air ; but for the purpoies of 
experiment, it is moil eafiiy obtained by decom* 
pofing partially the fulphuric acid, by any i!ub- 
flance capable of attmding its oxygen. If tlKro 
parts ctf* acid ^ e^pofed to a modenfte heat, with 
one part of quickfilver, fuch a decompofiticm i» 
efieded, and fulpbiireous acid difcngaged« 

This acid ^xiffs in the ftate of pfennanent gu, 
except at a very low temperature, and under ft 
firong prefiure, by which it has been reduced to 
the fluid ftate« Its ipecific grayity is nearly 
double that lof atmdfphexic bnr ; it &3i& a ftrong 

fuSbcating 




fttffocating odour« and proves fpeedUy fatal to ani- 
mal life ; it is not inflammable, and e2Ctinguiihe$ 
combuftion. It is abforbed by water, the folu- 
tion retaining the pungent fmell of the gas^ The 
Ijcid power$ of this compound are not <:p.nfidv^. 
able ; it does not redden the vegetable colours, 
but renders them white ; it everts little action . 
on the metals, and has a weak attraction to 
the alkalis or earths. Sulphureous acid gas, 
mixed with oity^tn^ and kept over water, is 
gradually converted into fulphuric acid ; the 
fiime combination takei place more rapidly by 
j^afiing the mixture through an ignited tube^ 
By the fame means hydrogen may be made to 
deeompofe it ; and carbon, at th^ temperature of 
Ignition, Iikewi& attrada its o^ygea« 

The falts formed by the fulphureous acid ace 
tteined Sulphites. Their tafte is fulphureous; they 
are decompofed by the greater number of acid^ 
which combine with their bafei. By expo* 
fure to the atmofphere^ or any fubftance cafmble ^ 
of affi)i:ding them oxygen, they are converted ior 
ta fulphatS; 

SvhhaTt. or Potash. — - Sulpbureow acid u- 
aitjei with ftcility with pqtalh. *The ialt can be 

obtained 
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f^a 8uiraxni£ous acid. 

obtained in white tranfparent cryftals; it is foluble 
in an equal weight of water at a mean tempera-^ 
ture, and in a lefs quantity of hot waten Expof- 
cd to heat, part of its acid, alongft with a portion 
of fulphur, are expelled. It is decompofed by 
the greater number of the acids, the fulphureous 
acid bei^g difengaged. Some acids, which can 
communicate oxygen to it, convert it into fulphat 
of potalh. It is alfo decompofed, not only by ba- 
rytes, but by lime, which attrads its acid. 

SuLPHiTiE or Soda. — This fait when crjrftal- 
lized is white and tranfparent; itstafteis cool; i^is 
foluble in 4 parts of water at a mean temperature. 
Expofed to heat, it firft undergoes the watery fu- 
£on, and is then decompofed. From the chemi- 
cal agents it fufiers decompofitions fimilar to thofe 
cf the fulphite of potafli. From the experiments 
of Vauquelin, its cryftals appear to confift of i8.t 
parts of foda, 31.2 of acid, and 50 of water. 

SuLPmxE OF Ammonia. — Sulphureous acid 
and ammonia, when in the ftate of gas, combine 
with facility, and form a concrete fait. This fait 
requires lefs than its o\rf'n weight of boiling water 
for its folution ; the folution cryftallizes on cool- 
ing I thefe cryftals are fufed ond volatilifed by 

heat 
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heat without decompofition, Expofcd to the air, 
it abforbs humidity, and gradually attrads oxy- 
gen. It contains 29 of ammonia, 60 of acid, and 
II of water. 



SuLPHURATjj) Hydrogen. — Axkaline 

SULPHURKTS. 

Sulphur is cap able' of combining with hydro- 
gen, and forms a compound termed Sulphurat- 
ed Hydrogen, which exifts in the ftate of perma- 
nent gas. This gas, for the purpofe of experiment, 
is moft eafily obtained from the compounds which 
fulphur forms with the alkalis, and thefe may 
therefore firft be noticed. 

If a quantity of potafh or foda be fufed with 
an equal weight of -fulphur, a cheniical compound 
is formed, of a dark red colour : this is the Sul- 
phuret of Potafh or Soda. While dry, it is ino- 
dorous ; if moiftened, it «mits a very foetid fmell, 
which ftill remains when it is entirely diflblved in 
water >; if to this folution any acid be added, 
a quantity of gas is difengaged, having the fame 
foetid odour, and fulphur is precipitated. 

BerthoUet 
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Beitbdlet firft iatisfadoiilj explained H^ 
ture of thefe changes. The dry mais obtained by 
^iifing the fulphur and alkali, b a chemical cos^ 
pound of thefe two fubftances; when water is 
added, part of it is decompofed, the alkali, by a dif* 
pofing affinity, enabling the fulphur, eyen at a 
lov temperature, to attrad part of its oxygen, and 
form fuiphuric acid : the portion of hydrogen thus 
Separated combines with another portion of the 
fulphur, and forms fulphurated hydrogen. It is the 
prefence of this compound that gives the folution 
the foerid odour : it is retained by its attiadion to 
the alkali or alkaline fulphuret; but when an 
acid is added, this combines with the whole di 
the alkali that is prefent ; the fulphur that wai 
previoufly combined with it is precipitated, and 
the fulphurated hydrogen is difengaged in thQ 
gafeous form. 

Sulphurated hydrogen is alfo produced by de^ 
compofing (bme of the metallic fulphurets by muo 
riatic acid, and it is formed by heating fulphur in 
hydrogen gas, by meaqs of the concentrated foltf 
light* It is diftinguifhed by its very fcetid finell: 
its fpecific gravity is to that of atmofpbeiiq air a^ 
2106 to 1000 : it extinguiihes combuftion, and is 
incapable of fupporting life : water abforbs about 

one 



ont tlal^its bulk of it ; the folution has a foetid 
fmcU and naufeous taftc ; and it, as well as the 
gas, has the property of reddening feveral of the 
regetabk colours* » ' 

Sulphurated hydrogen pouefles fomc inflam- 
mability : ^hen mixed with atmofpheric aft, it 
bums with a blue or greenifli flame, and without 
'detoriation ; when mixed with an e(|ual part of 
oi:ygen, it detonates on the contaft of an ignited 
body, fulphureous acid being formed ; a mixture 
of it with an equal meafure of nitrous gas bums 
with a yellow or 'green lambent flame, and fome 
fttlphur is feparatcd ; with a larger quantity of 
nitrous gas, the fulphmrated hydrogen is even ra« 
pidly decompofed without inflammation, it& hy- 
drogen combining with part of the oxygen of the 
nitrous gas, fp as to cofivert it into nitrous oxyd, 
and fulphur being depoiited. A fimilar decom- 
pofition is prodticed in it by fulphureous acid gas, 
and even by fulphuric or nitric acids. The elec- 
tric fpark alfo precipitates its fulphur. From 
thefe decompofitions it has bc^n inferred, that the 
quantity of fulphur it contains amounts to one 
eighth part. 

Sulphurated 
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Sulphurated hydrogen combines with facility 
with the alkalis and earths. Thefe compounds 
are foluble in water, arc colourlefs while the at- 
mofpheric air is excluded, but become yellow 
when it is, admitted : they are decompefed by the 
acids, which difengage the fulphurated hydro^n. 
Berthollet confiders thefe compounds as analo- 
gous to neutral falts, and fulphurated hydrogen 
itfelf as of the nature of an acid, from its proper- 
ties of forming thofe combinations, and of red- 
dening the vegetable colours. 

J 

Thefe compounds are termed by Berthollet 
Hydro-Sulphurets : they are capable of combin»> 
ing with an addition of fulphur ; and fuch com- 
pounds he terms Hydrogenated Sulphurets. ^ SuU 
pburets are compounds of fulphur with other fub- 
ftanccs, with alkalis, earths, or metajs ; Hydro-fuU 
phurets are compounds of fulphurated hydrogen j 
and Hydrogenated fulphnrets are compounds of hy- 
dro-fulphurets, with an additional proportion of 
fulphur. Of thefe compounds, it remains only 
to notice the properties of the alkaline fulphur- 
cts. 
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SuLPHURET OF PoTASH. — This compound is 
obtained by fufing equals parts of Iblphur and 
potafli. It is of a red colour 5 is very fufible ; is • 
inodorous while it remains' folid : — ^ifexpofedto 
the air^ it atttads humidity, and acquires a fcetid 
fmelly M(hicb ts alfo produced when it is diflblved 
in water, owing, as has been obferved, to the pro- 
dudion of fulphurated hydrogen- 

* * 

When the iolutioh of fulphuret of potafli is ex- 
pofed to atmofpheric air, it foon attradls its oxy* 
gen,««.its colour becomes fainter,— it at length 
nearly jdifappears^ and nothing is found in the fo^ 
lution but fulphat of potafli, Thefe phenomena 
are owing to the abforption of the oxygen of the 
air, by the hydrogen rfthe fulphurated hydrogien 
contained in the foliition, and the oxygenation of 
the fulphur from its decompofing the water. 

From this quality, the liquid fulphuret of pot- 
afli has been ufed as a eudiometer, and it has the 
advantage, of completely abforbing the oxygen ; 
nor is there any degree of fallacy in its operation ; 
it is only inconvenient {xorri the flownefs with 
which it is performed. Morveau has propofed 

Qjl to 
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to obviate this inconvenience by ufing the foM 
fulphuret (lightly moiftened, and applying heat« 
by which the abforptkm of oxygen is rendered 
mote rapid. 

Snlphuret of potaih is decompofed by the acids; 
they combine with its alkali, and precipitate 'its 
fulphun This fulphur, from its Hate of aggre- 
gation, is of a lighter colour than dfual, and in 
pharmacy has been termed lac fulpburis. 

I 
\ • ' 

SuLPHURET OF SoBA has properties prccifcly 
thcr fame with thofe ot the fulphuret of potafli^ 
and fuffers fimilar decompofitions. 

SuLPHURET. OF Ammonia has properties fonae'« 
what Angular. It cannot be formed by digefting 
ammonia or fulphur, but only by prefenting the 
former in its n^fcent ftate to the. latter. Four 
parts of lime are mixed with two of muriat of 
ammonia and one of fulphur, in a retort connected 
with receivers, and heat is applied ; the lime at- 
tradls the muriatic acid ; the ammonia is difen- 
gaged^ and combines with the fulphur j and the 
fulphuret of ammonia is difengaged in the ftate of 

gas. It may be abforbed by water placed in the 
receivers J— a red coloured liquor is formed^ 

which 
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yrbich has a foetid fme11« and emits copious fumes. 
It is decompofed in the fame manner as the other 
^](aline fulphurets. 4 



^eSl. IIL — -^ Phosphorus. 



Phosphorus is a fimple fubftance, whieh, as it 
combines with oxygen at the loweil natural tem- 
perature, cannot exift pure in nature* The produd 
of this combipation, a peculiar acid, is found in 
abundance id nature. In the mineral Icingdom it 
exifts combined with feveral of the metals and 
earths ; and it is a component part of many ani^ 
mal produdls. 

The pure phofphorus is obtamed by varioun 
procefles. If urine be evaporated to drynefi, a 
mafs is obtained, containing, among other faline 
fubftances, phofphat of foda* and phofphat of am« 
monia : if this mafs be mixed with charcoal, and 
ex.pofed ia a retort to a flrong heat, the latter fait 
is decompofed, the oxygen of its acid is attracted 
by the carbon of the charcoal ; the phofphorus is 
thus feparated, and is fublimed by the heat ap« 

plied. 
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plied. The produft' of phofphorus maybe in- 
crcafed by adding to the mixture any of the falts 
of lead, thefe jiecompofing the phofphat of foda 
likewifc ; or the mine may, without evaporation, 
be dccompofed by a folution of acetite of lead, 
and the precipitate mixed with charcoal, and 
expofcd to he^. But even in this cafe the pro- 
dud: is leflened, from the phofphorus being in 
pare attracted by the lead. 

Another procefs is generally followed, as being 
lefs difagreeable. The folid matter of bones con- 
•jBfts of phofphat of lime ; they are burnt to white- 
nefs, powdered, and digeftcd with rather lefs than 
one part of fulphuric aci^, diluted with 12 parts 
of water. The acid partially decompofes the 
phofphat of lime, and an acidulous phofphat of 
lime is obtained : this is either evaporated to the 
co^nfiftence of fyrup, made into a mafs with char-* 
coal powder, arid expofcd to a fufficient heat in a 
clofe veflel ; or, what is a preferable method, the 
phofphoric acid is faturated with ammonia, and 
the phofphat. of ammonia, thus formed, being mix- 
ed with I -3d part of charcoal, is expofed to heat in 
a glazed eartjien retort : the carbon attrafts the 
oxygen of the phofphoric acid of the fait, and the 
phofphorus diftils over. As firft obtained, it is im- 

pure, 
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pure, from the mixture of carbonaceous matter 
with it ; but it ntay be purified by inclofifig it 
in a piece of fine leather, plunging it in hot wa- 
ter, fo as to melt the phofphprus, and preffing it 
through. 

Phofphorus, thus purified^is of the confiftrace 
of wax ; is colourlefe and trafafparcnt ; has ajTpe- 
cific gravity jcqual to 1. 9 14. It melts in water 
at the tempetatuidD:o£ 999; at M9^ it is yolatilifed; 
at 554 it boils in clofc veffels. . ' ^ ^ 

When phofphorus is expofcd to atmofphcric 
air, it emits fumes of a foetid fmcU: thefe are the 
produdl of Its flow cdmbuftion, and in a dark 
place this is perceptible from its luminous ap- 
pearance. At the temperature of loo^ itscom- 
buftion is more rapid ; an4 at 1 60^, it bums with 
a bright flame, and with the emiffion of a 
large quantity of caloric. Its combuftion in 
oxygei^ gas is extremely vivid, a very large 
quantity of light being emitted. It is Angular, 
that though in atmofgheric air it fuffers a flow 
combuftion, 6ven at low natural temperatures, 
yet it does not do fo in pure oxygen gas, but re- 
quires fo be eonfiderably heated to caufe it to 
burn. This fail, which chemifts for fc3*me time 

found 



•found it difficult to explain, has been proved to 
1>e owing to pbofphorus being foluble in azotic 
gas* and, when diflolved by it, combining with ox* 
ygen at a much lower temperature than it can do 
when in its pure concrete (late. In atmospheric 
air, therefore, its flow combuilion is owing to the 
azot diflblving it« and prefenting it to the osiy gen^ 
Hence alfo it appears luminous in azotic gas, be<>> 
caufe that gas is.feldom perfectly free from oxy^ 
gen. Hydrogen has been found to have the fame 
eSt&, upon it as fizot, 

Pbofphorus, by its power of combining with 
oxygen with fo much facihty, affords a very con-!* 
yenient eudiometer. The flow combuftion of it 
is preferable, for this purpofe, to ^th^ more rapid 
produced by raifing the temperature, as no man- 
agement is necellary on account of the eXpaiifion 
of the air, and as a certain indication of the com^* 
pletbn of the procefs is obtained by the phofpho- 
rus ceafmg to be furrounded with a white cloud, or 
to be luminous in the dark. It muil be perform*^ 
ed over water. » In the eudiometer of Berthollet,^ 
a piece of pbofphorus attached to a glafs rod in 
placed in a tube filled with the air to be tried^ 
and inverted in water ; the diminution of volume 
is eftimated by meafuring the air, before and after 

the 






th^ ptoce&, in a graduated tube. In the eudiom-* 
cter of Gren, a piece of phofphorus fixed upon two 
or three needles pafled through a cork, is placed 
at the orifice of a graduated txibt inverted in wa-» 
ter, and filled with the air. As the oxygen is ab-« 
forbed, the water rifes, with the cork fwimming on 
its furface, and the phofphorus is thus prefented 
to the air. BerthoUet has afcertsuned, that the 
bulk of the refidual azotic gas, is increafed one 
fortieth by its diflEbhring a portbn of :^e phofpho« 
rus ; and^ of courfe^ this corredion requires to be 
made, 

Phofphorus isoxygenated by nitmus gas, nitdct 
fulphuric, and oxygenated muriatic acids« 

The produds of the oxygenation of phofphor- 
us are two acids, the phofphoric and phofphorous ; 

, the one having a larger, the other a leis propor^ 
tion of oxygen. The latter is the immediate pfo« 
dud of the flow combuftion of phdfphorus : by ex- 
pofure to the atmofphere, it abforbs oxygen, and 
is converted into the other ; or if it be ^xpofed to 
a moderate heat, it emits white fumes, and the 

. ph(^phoiic acid remains^ 
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This acid is capable of exifting in the folid 
form, and, by a ftrong heat, it may^ even be form- 
ed into a perfeft glafs. It is Very deliquefcent, 
and foluble in water : its faturated folutioa is of an 
oily confiftence : it is inodorous, and poScSks no 
volatility. It is not decompofed by hieat. Ex- 
pofed to a higb temperature with eharcoal, its ox- 
ygen, is abftraded, and phofphorus obtained. Ac* 
cording to the experiments of Lavoiiier, it confifts 
of lotp parts of phofphorus, united with 154 o^ ox- 
ygen. • ^ 

Phofphoric acid combines with the three alka- 
lis, forming falts, termed Phofphats. They ard 
decompofed, in the humid way, by the fulphuric, 
nitric, and muriatic acids ; but in the dry way, at a 
high temperature, the order of attra<9ions is re- 
verfed,. the phofphoric being able to decompofe 
the falts which are formed by thefe acids, owing 

probably to its great fixity* 

• - 

Phosphat of Potash is a fait which has been 
littje examined. It can fcarcely be-cryftallifcd, 

but 
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bat form9i by eyaporation of its folutioiii a gela^ 
tinous mafs, which is deliquefcent. B7 the ap- 
plication of a (Irong'heat, it is fufed into a gla&. 
Barytes and lime decompofe it, by attracting its 
acid. It fuffers no decompofition by being heat-^ 
cd with charcoaL 

Fhosphat of Soda. ,^ This fait, which is ufed 
in medicine and the arts, is prepared, by adding! 
to the folution of the acidulous phdTphat of lime, 
obtained by decompoling burnt bones by fuU 
phuric acid, a folution of carbonat of foda : the 
foda combines with the excefs of phofphoric acid, 
and the phofphat of foda is obtained by evapora- 
ticMn, in regular rhomboidal cryftals, which have 
generally a flight excefs o£ alkali. Thefe cryftals 
are eflfcrefcent. They are foluble in 3 parts of 
cold, and in half that quantity of boiling water. 
They are vitrified by heat, and promote greatly 
the fufion of the earths and metallic oxyds. This 
fait is decompofed by lime and barytes,^ and 
fuffers no change by being heated with char- 
coal. 

Phosphat OF Ammonia. —. This fait exifts in 
the urine of carmvorous animals in confiderable 

R r quantity. 
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quantity. It is obtained pure by the direct com^ 
bination of its principles. It is foluble in 4 patt$ 
of cold, and in a lefs quantity of hot water ; — i» 
cryftallizable. By expofure to heat, it is fiffrfu- 
fed, and then decompofed, its annnonia being ex^ 
pelled ; and when heated with charcoal, the ox* 
ygen of its acid is abftradted, and phofphorus 
formed. It is decompofed by the two fixed al- 
kalis, and by feveral of the earths. 

The phofphorous acid unites with the alkalis 
and earths, forming falts, termed Phofphites.— !• 
They are fimilar in their properties to the phof- 
ph^ts, but are charaderifed by appearing lumin- 
ous whon heated, and by a&rding a fmall quan^ 
tity of phofphorus by diftillation. Phosphite or 
POTASH is foluble in water, and cryftallizable ; it 
^leits by heat, with the appearance of a phof- 
phorefcent light ; is decompofed by lime and ba- 
ry tes, and by feveral of the acids. The phosphite 
OF SODA has properties very fimilar, but is more fo* 
luble in water. The phosphite of ammokia is 
diftinguifhed by a ftrong penetrating tafte ; when 
heated by the blow-pipe, it is decompofed, and 
phofphorated hydrogen is difengaged ; it is like- 
wife decompofed by heat in clofc veflels, the am* 

monia 



nonfo being expelled, holding a fmall quantity 
tt j^hofpborus in folution. 

- The pbofphotic and phofphorous acid? a6l fee-. 
bly upon the metals^ but combine with the me* 
fallic ox/4s< 



• PHOSPHORATED HYDROGEK.. 

J I 

This compound of phofphoras and hydrogen 
«xifts in a ftate of gas. It is obtained bycombin- 
iasg the phofj^orus with fome fubftance whicfa^ 
by a diipofing affinity^ may enable it to decon>. 
poiie water. One part of . phofphorus is heated 
with :c2 parts of a tolution of pure potafh; it 
combines with the alkali, and this compotmd de- 
tompofes part of the water ; one p»t of the phoir 
pfaofus attradls its oxygen, and another part of it 
^ombines^ with the hydrogen difengaged, and 
forms the phofphorated hydr(%en, which, pailcs 
off in the ftate of gas. 

The charaderiftic property of this gas is, its 
inflaming on coming into contad with atmofpheric 
air ; the produds of the combuflion are aqueous 

vapour 
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vapour and phofphoric acid, which form a ligbE 
white cloud, that afcends in a horizontal circle. 
In oxygen gas, its combuftion is inilantaneous 
and violent, attended with the emiffion dT a large 
quantity of caloric* The fmell of this gas i$ 
fostid and putrid ; it \t not abforbed by water, 
but is flowly decoinpofed by Handing over it, the 
oxygen of the atmofpheric air contained in the 
water attrading its phofi^rus. It does not 
combine with the alkalis. 

Another mode of obtaining phofphorated hy* 
drogen is to combine phofphorus with lime, hy 
expding to heat, in aglafs tube, a pieee of pfao£. 
phorus, over whiph a quantity of lime has been 
prdB^. A f^ofphuret of lime is formed ; thia, 
when thrown into water, immediately decom.« 
pofes it ; and the hydrogen difengaged, diffdv« 
ing part of the phofphorus, forms phbfphonited 
hydrogen, which efcapes from the fur&ce of tikf^ 
fluid, and inflameis. 



^mm 



Phofphorus enters iato combipatkm with fiil« 
pl»}r^ foTiQiBg a rai& xfiyore i^ble than cither of 

its 
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its principles. It does not unite with carbon, 
but combines with almoft all the metals. It is 
foiuble in exprefled and volatile oils, and com« 
municates to them a phofphorefcent property. 
It is diflblved alfo by alkoholaid cthen 
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BRIDES the acids refulting from the pxygenatiom 
or the iimple inflammable fubftances, there are o« 
thers which have not hitherto been decompofed. 
The analogy between thefe and the other acids 
is fo dired, that there can be little hefitation in 
confidering them as fimilar compounds of oxygen 
with unknown bafes. It is in this part of our 
arrangement that they are moft properly placed. 
There, are three acids of this kind, the Muriatic, 
Boracic, and Fluoric, 
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GiRTANKSR fuppofed that he had difcorered 
the bafe of this acid to be hydrogen, and that it 
differed from water only in its degree of oxygena- 
tion. This opinion has been amply refuted by 
the experiments of Henry and Van Mons. Ber« 
thoUet has lately fuppofed, that it is a triple 
compound of hydrogen, azot« and oxygen ; but 
the fuppolition has. not been confirmed by deci^ 
fire experiments. 

Muriatic acid exifts in abundance in na- 
ture . Combined with foda, it forms common fea 
fait ; it is united with other b^fes in the water^ 
of the ocean, and in mineral fprings ; and in the 
earth is found combined with feveral of the metalsr* 
To obtain the pure acid, two parts of fea fait heat« 
ed, fo as to confume any impurities \t may con- 
tain, are put into a retort, and one part of ful- 
phuric acid is poured upon it. Heat is appli- 
ed ; the fulphuric acid combines with the foda of 
the fea fait, and the muriatic acid is difengaged. 

It 
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It affuxnes the ftate of gas, and it made to psSa 
through water placed in the ^eceirers conneded 
with the retort^ ^y which itisabibthed. This 
forms the liquid muriatic aSid, which is generallj 
of a yellow colour from the prafence of iron ; but 
which may be> obtuned more pure by a fecond 
dtfbiUation^ 

Muriatic acid naturally exi&s in the^ form of 
gas. It is not inflammable-^extinguffhes eombuf* 
tion) — and proves fata) to £fe. It has a penetraN 
ilDg fmell, and even when mixed with atmeiphe«« 
ric air» occafiona a fenfe of fuffocation. Its fpeci* 
fie gravity is to that of atmofpheric air a9 5 to 5* 
It is not aded on by any of the fimple gasev but 
attrads the water they contain. It oxy dates fe** 
veral of the metals, and is ab&rbed by pbofphor-* 
us, charcoal, oils, and alkohol. By the eledric 
fpark its ydume is enlarged, owing to the produc- 
tion of hydmgen, from the decompofition of its 
waten 

Muriatic acid gas has a ftrong attraction to wa^ 

ter; it is rapidly abforbed by it, and in very laige 

quantity, caloric being at the fame time evolved. 

In the common liquid muriatic acid which this fo- 

lutiort forms, the water is feHom faturated, when 

the 
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^efpecific gravity is 1. 196,11 contams,«€cardiogto 
the e&perimdnts of Mc. Kkwan^ 25.28 parts of real 
acid. It is highly corrofive^ reddens deeply th# 
vegetabiq colours, and poflefles all the general a^ 
cid properties. It ufually emits white fumeSy 
which are merely the muriatic acid e&aping from 
it, and coadeoiing, by combining wit^ the humi* 
dity of the atmofphere^ 

Muriatic acnd txtrts much Ids mOiotk on the 
infiammahles or metals^ than the acids hithertyi 
confideredy as it cannot afford them oxygen. £: 
can only, by a di^ofing aflkity, enable thofe 
metals winch have a ftrong attradlioa to oxygen^ 
%Q decompofe the water with which it is com^ 
bined. An evolution of hydrogen, therefore^ 
attends tfaeic actions* r 

It combines with the alkalis, forming falts^ 
termed Muriats. They have, in general, a (harp 
t&fte ; they fuSer decompofition from the fulphu-^ 
lie and nitric adds, thefe, exerting a ilronger at- 
tra&ion to its bafe ^ thqr are not decompofed by 
heati 

MuRXAT OF Potash is formed by the direct 
combination of its principles; it has a bitter fait 

Sf tafte^ 
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taftc, is toluble in three parts of cold, and two .of 
boiling water, the latter folution cryftalliz-ing on 
cooling. It is fufcd by heat, without dccompofi* 
tion. According to Kirwan, it confifts of 46 
parts of alkali, 36 of acid, and 1 8 of water. It is 
.decompofed by the fulphuric^ and nitric acids 
which combine with its bafis, and by barytes, 
which attrads its acid. 



> Muriat of Soda is one of the moft abundant 
produdions of nature. The water of the ocean owes 
its faltnefs to it : it is found in a number of mine- 
ral fprings, and it forms immenfe ftrata in the 
earth. According as it is obtained ifirom thefc 
iburces, it is named Sea Salt or Rock Salt. Rock 
Salt is hard, frequently tranfparent, and coloured, 
from the prefence of iron. It is dug in large 
quantities from feveral mines in Europe. Sea 
fait is obtained in warm climates, by fpontaneous 
evaporation ; in colder countries, by evaporation 

from the application of heat ; or fomctin^es both 

» * 

thefe methods are employed in the procefs. It is 
in general more or Icfs impure, from the intermix- 
ture of other falts which the fea water contains. 
Thefc render it deliquefcent, give it a bitter tafte, 
arid confiderably impair its antifeptic power. 
Various procefles, therefore, are pradtifed to free 

•it 
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it from them. For chemical purpofes, it is moft 
completely purified, by adding to ift folution car- 
bonat of foda, as long as any cloudinefs is produ- 
ced, filtering the folution, and evaporating it, fo 
as to caufe it to cryftallize. 



t % 



Muriat of Soda has a ftlt agreeable tafte, it is 

foluble in rather lefs than 3 parts of wate^^ at the 
temperature of 60, and is not more foluble at any 
higher temperature, even to 2x2°. Its folution by 
fpontaneous evaporation affords cryilals, which 
are regular cubes j thefe neither deliquefce nor 

efflorefce on cxpofure to the air ; they decrepi- 
tate on being heated; are fufed in an intenfe heat; 
and CTCn rolatilifed without decompofition. They 
confift of 35 of foda, and neariy 40 of real acid, 
the^ remaining 25 parts being moftly water of 
eompofition. 

This fait is decompofed by tlie fulphuric and 
nitric acids, and, in the dry way, by the phofpho- 
nc and boracic. It is alfo decompofed by barytes, 
and potafh. One of the moft important practi- 
cal problems in chemiftry is to decompofe it fo 9s 
to obtain its alkali. This has been done by 
potafh, by the oxyds of lead and iron, by ful- 
phuric 
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phuric acid, and by various other fubftsuiCes; 
but perhaps no procefs has yet been difcoveied« 
capable of being carried on to much advantage 
on a large fcale. 

MuRiAT OF Ammonia. — ^This fait is the fal-am« 
snoniac of commerce, which has been long ufed 
in the arts. It is found native, but for ufe is al- 
ways prepared by art, by various indirect procefles 
in which the ammonia, <me of its conftituent prin*^ 
ciples, is derived from animal matter ; and the mu« 
riatic acid from fea fait. It is fublimed in the tu 
fual mode of preparing it, and is therefore met 
with in large, hard, femifpherical cakes, with a 
flight degree of t^nfparency, and having a tex^ 
ture fomewhat dudile. It is, however, capable 
of cryft^zation. The tafte of this fait is acrid : 
It requires for its folution 34 parts of water at a 
medium temperature, and only an equal part of 
boiling water. It is volatilifed by heat, with little 
or no decompofition. It contains 30 parts of am- 
monia, 35 of acid, the remaining 3^ parts being 
partly water of cryftallization, and partly water 
of compofition. In its fublimed ftate, it confifts 
of 25 pf alkali, 42 of acid, and 32 of water, 

Muriat 
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Mariftt of amnioma is decompofed by the ful« 
phuric and nitric acids, which combine with its 
bafe, and by the two fix^d alkalis and fcveral of 
the earths, which attrad its acid* 



OXTGXKi^TED MX7RJATIG ACID, 

* 

Md&iaxig Acib is capable of combining with a 
quantity of oxygen, fiy this combmation, how- 
ever, its acid powers are not increafed, but di« 
jniniihed ; it has a lefs attradion to water ; has a 
ftyptic, inftead of a four tafte ; inilead of redden- 
ing the vegetable colours, it renders them white ; 
and its attradions to the alkalis and earths ar6 
much weaker than thofe of the pure acid. It is 
evident, that the difference between thefe two 
ftates of this acid, is not analogous to the diSeren- 
ees in the other acids, arifing from the difierence 
in the degree of their oxygenation ; a peculiar 
nomenclature is therefore ufed to expre& it : — the 
name Oxygenated Muriatic Acid, or, as fome 

have contraded it, Oxy-muriatic Acid, being giv- 
en to the compound formed by the muriatic acid 

with oxygen. 



This 
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This combination cannot be efFeded by mix- 
ing together the muriatic acid and oxygen gases, 
the attraftion between their bafes not being fuf- 
ficiently ftrong to overcome the repulfive force of 
the caloric in each gas. But the combination is 
effected with facility, by prefenting oxygen in its 
nafcent ftate to the muriatic acid. This may be 
done by diftilling the acid from any of the metal- 
lie oxyds in which the oxygen is not retained by a 
ftrong attradion ; and it was by this procefs that 
Schecle, the difcoverer of this acid, obtained it. 
The black oxyd of manganefe, which is found in 
abundance in the earth, is commonly ufed. One 
part of it is put into a retort, and 4 parts of muri- 
atic acid, diluted with an equal weight of water, 
is poured upon it. An effervefcence is produced ; 
and, by the application of a moderate heat, a gas 
is difcharged, formed from the combination of the 
muriatic acid with part of the oxygen of the oxyd 
of manganefe. The procefs is more economical, 
when the materials from which the common muri* 
atic acid is obtained are merely mixed with man- 
ganefe : 3 parts of muriat of foda, mixed with i 
part of the black oxyd, are put into a retort, and 2 
parts of fulphuric acid, diluted with 1 1 part of 
water, are poured upo^ th^ mixture. A moderate 

heat 
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heat is applied ; the fulphtiric acid combines with 
the foda of the munat of foda ; and the muriatic 
acid difengaged, attrading the joxygen of the me- 
tallic oxyd, forms the oxygenated muriatic acid. 
It cxifts in the ftafce; of permanent gas ; by cauf- 
kig it to pafs through water placed in the receiv- 
ers connefted with the retort, the liquid oxygenat* 
cd muriatic acid is obtained. The. combination 
of the oxygen with the muriatic acid in this pro* 
ccfs, it has juftly' been obferved by Vauquclin, is , 
not the eflfed of the fimple attradipn exerted be- 
tween them ; but of that attradion, promoted by 
the difpofing affinity of the manganefe to combine 
with the muriatic acid, in a lefs perfed ftatc of 
oxydation than that in which it exifts in the black 
oxyd. 

% * 

Oxygenated muriatic acid is a gas permanently 
claftic ; when water is faturated with it, the com- 
pound indeed becomes concrete, or cryftallizes, but 
the pure gas itfelf cannot be condenfed. It is 
heavier than atmofpheric air; is of a yellow colour, 
with a tinge of green ; and of all the gases is moft 
noxious to animal life : even when diluted with a 
large quantity of atmofpheric air, it occafioM 
a difficulty of breathing, and a fevere fcnfc of 
ftridure at the brcaft, which renders it impoffiblc 

to 
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to make a full infpiration ; and tiiefe fymptozxitf^ 
often accompanied with others, condnue &r a 
coniiderable time^ 

Though fo noxious to life, this gas does not ex* 
tinguiih combuftion ; it is even capable of inflaming 
feveral fubftancesat a moderate temperature. This 
is the cafe with phofphorus, fulphur, and many 
of the metals ; and when a burning taper is in* 
troduced into it, it burns more vividlj than in at-^ 
mofpheric air. It alfo decompofes ammoniacal 
gas with inflammation. In order that thefe efieds 
may be fully obtained, it is neceflaiy that the gas 
ihould be pure, and that its temperature ihould 
be above 70® of Fahrenheit. Thefe experiments 
clearly prove, that the repulfive power of caloric 
is frequently more powerful than even a chemical 
•flinity in counterading combination, iince tub-* 
fiances bum in this acid gas at a lower tempera* 
ture than they do in pure oxygen gas. 

Oxygenated muriatic acid gas, mixed witii 
hydrogen^ renders it capable of being inflamed 
by the eledbic fdark ; added to the nitrous gaf, it 
converts it into nitrous acid, and fulphureous into 
fulphurie acid< 

This 
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., .This acid combines with water, though in 
much lefs quantity than the fimple muriatic acid, 
the water not taking up abo^e twice its bulk. 
When the water is fully laturated with it at a 
low temperature, the combination becomes con- 
crete. The folution has a yellow colour, a ftyptic 
bitter tafte, and a Very fuffocating odour. The 
gas is eafily expelled from it by heat j by light, it 
is dccompofed, the oxygen ofthfe oxygenated acid 
being fcparated. 

Tliis liquid acid has nearly the fame relations 
to the other chemical agents as it has in the ftatci 
of gas. It oxydates the inflammables and thii 
liietals, and pafles to the ftate of fimple muriatic 
acid. Thefe oxydations are not accompapied 
with the extrication of hydrogen ; becaufe the 
metal receives its oxygen, not from the water, but 
from the acid. As the oxygen is retained in the 
oxygenated muriatic acid by a very weak attrac- 
tivc force, even thofe metals that have the weak* 
eft attradlion to it are oxydatcd* 






The nioft remarkable and important property 
which this acid poflefTes is that of deftroying th^ 
Vegetable colours. It/enders almoft every kind of 
vegetable matter perfealy white, and, from this 

Tt property, 
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property, has been applied to the art of bleaching 
with the greateft advantage. It is to Berthollet 
principally that we are indebted for this fucccii* 
ful application of chemical fcience. 

In this method, the common procefs of bleach- 
ing is imitated, fubftituting the application of the 
dHutc acid for expofure to the air and Ught. The 
cloth is expofed alternately to the aftion of an al- 
kaline ley and of this diluted acid, till the colour 
is difchargcd ; it is wafhed with foap ; is im- 
merfed in very diluted fulphuric acid, by which 
the wlutenefs is improved; and is, laftly, expofed 
to the air for a few days, to carry off completely 
the fmell of the oxygenated acid. In place of Ae 
pure acid diluted with water, a liquor, in which it 
is coudenfed by potafh or hme, is now generally 
v£tdf as being much lefs offenfive to the operator. 

« 

The theory of the action of the oxygenated 
muriatic acid in bleaching, as ftated by Berthollet^ 
is iimple and fatisfadtory. It is perfedUy analo« 
gous to the fame procefs condufted by expofure 
to air, water, and light. The ^nd obtained 
by either is the combination of oxygen with 
the colouring matter of the vegetable j the 
colour is thus nearly dcftroycd^ and the mat- 
ter 
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ter on which it depends is at the fame time ren-i 
dered foluble in the alkaUne foIution« Hen^e the 
neceffity of the alternate application of thefc two 
agents, the one removing what the other has ren- 
dered foluble, and which, although whitened, 
would in time regain part of its colour. The on- 
ly difference between the two procefles is, that in 
the one the oxygen is prefented in a much more 
concentrated date than in the other, and there- 
fore produces the fame effeft in a much Ihorter 
time. In the fubfequcnt fteps, the wafiiing with 
foap removes the diiagreeable fmell of the oxygen- 
ated acid, and gives a gloily appearance to th^ 
cloth ; and the diluted fulphuric acid improves its 
whitenefs, by diffolving the fmall portion of iron 
and calcareous earth in th6 thread, and any colour- 
ing matter that may have refilled the adlion of 
the alkali, 

V. 

- Oxygenated muriatic acid combines with the 
alkalis and earths, forming neutral falts, termed 
Oxygenated Muriats, or Oxy-muriats, and which 
differ entirely in their properties from the common 
muriats. They are particularly diftinguiflied by 
affording very pure oxygen when expofed to heat, 
apd by deflagrating, or detonating violently with . | 

inflammable, fubftances, by mere friiaion. The 

oxygenated 



t 



»^^ 



^2A OXYGINATED MURIATIC ACID.' 

oxygenated muriatic acid gas difplaces the car* 
bonic acid from the alkaline carbonats ; the liquid 
acid docs not, but forms a kind of triple fait. 

Oxygenated Muriat of Potash.*— To prepare 
this fait, the ufual materials for preparing the oxy- 
genated muriatic acid are put*mto a retort, con- 
neded with Woulfe*s apparatus. An alkaline fo- 
lution is prepared by diflblving 4 parts of fub-car- 
bonat of potalh in 20 parts of water, abftrafting 
its carbonic acid by quicklime, and filtering the 
liquor. This folution is put into the receivers, the 
firft being left empty, and they are carefully lut- 
ed. On heat being applied to the retort j . the ox- 
ygenated acid is difengaged, and, being made to 
pafs through the liquor, combines with the alkali. 

It is Angular, that the oxygenated muriatic acid 
does not combine diredUy with the alkali, but fuf- 
fers a partial dccompofition. One part of it paffes 
to the ftate of muriatic acid, and forms muriat of 
potafli ; the other part receives the oxygen with 
which the former parted, and combines with ano- 
ther portion of alkali, forming a fait, in which the 
acid exifts with a larger proportion of oxygen than 
it contains in its ufual ftate of oxygenated acid. 
This fait, therefore, is, properly fpeaking, not an 

oxygenated 
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oxygenated muri^t, but z hyper-oxygenated muriat 
ofpotajh. Thefe apparently iingular combinations 
feem to be owing, as. Vaiiquelin has remarked, to 
difpofing affinities, to the ftronger attradion of the 
alkali to muriatic, than to oxygenated muriatic 
acid, affifted by the attradlion which the latter 
has for a ftill larger portion of oxygen. 

The hyper-oxygenated muriat being much 
more fparingly folubk in water than the common 
muriat, is depolited in fmall cryftalline plates, to- 
wards the end of the procefs. To obtain it per- 
feftly pure, it may be diflblvcd in boiling water, 
this folution cryftallizing on cooling. Thefe cryf- 
taly are neither dehquefcent nor efflorefcent ; they 
are foluble in 17 parts of cold, in 2^ of boiling wa- 
ter. The tafte of the fait is cool and penetrating; 
it is free from the odour of the acid, but retains its 
power of 4eftroying the vegetable colours, though 
when added in a fmall proportion, many of 
thefe colours are rathfer heightened.' Expofed 
to heat, it is firll fufed, and then decompofed; pure 
oxygen, amounting to half its weight, being ^ven 
out, when the bottom of the veflel is heated to 
rednefs. Part of its oxygen is alfo difengaged by 
mere fridtion. The acids decompofe it, difengag- 
ing a large quantity of oxygenated muriatic acid, 

with 
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with decrepitations and flight flaflies of light, and 
with an explofion, if heat is applied. 

The mutual adtlon of this fait, and inflammable 
fubftances, is extremely violent. When one or 
two grains of it are mixed with half the quantity 
of fulphur T5r*of charcoal, and merely triturated, 
a yioleht detonation is produced. Similar cfkSts 
are produced from triturating it with other in- 
flammable fubfl:ancas, or with the metals ; in fome 
cafes, even more violent^ and in all of them fa 
much fo, that the experiment cannot be fafelj 
made with more than two or three grains. When 
thefe mixtures are ftruck with a hammer, the de- 
tonation, being more fudden, is more violent, and* 
is often accompanied with a flafli of light. They 
are hkewife inflamed by fulphuric, and {bme of 
them by nitric acid, with Icfs detonation, but 
with more light. 

V 

Tljefe violent aftions depend on the very largo 
quantity of oxygen which this fait contains, and 
which it retains by a weak attradlive force.—- 
When triturated with an inflammable body, or 
when the mixture is ftruck, this oxygen is con- 
ceived to be brought by the prcflure into clofer 

coDtad with the particles of the inflammable fub- 

flance 
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ftance ; an inftantaneous coiribinatiQn of them 
is effedted ; and the prbdud of the combinationi 
being either a gas w a fubftance forced into th« 
gafeous form by the large quantity of caloric fiid* , 
denly extricated, — this ftriking on the fuiround* 
ing atmofphere is the caufe of the report. When 
an acid is dropped on^thcfe mixtures, oxygenated 
muriatic acid gas is difengaged, but being pre- 
fentcd in its accent ftate to the inflammable 
matter prefent, the latter attrafts its oxygen, and 
the fame effeft is produced, lefs violent indeed, 
becaufe more fucceffive. • 

■ w 

OXYGENATEB, Or HYPEK-OXYGENATED, MoRIXT 

OF Soda refembles that <f£ potafh in the greater 

number of its properties. It differs J&om it in 

^ 

being cryftallizcd with difficulty, in its cryftals 
being deliquefcent and foluble in alkohol. 

t 

The tombim^ion of oxjgenaited muriadc acM 
with AmnK>nia cannot be formed ; as when the 
acid Is addol, the ainznDnia is dea»ai^pc^d* 



1«ITltO.MUXIATIC ACIU. 

This is a compound acid, fimilar to the oxy genat* 
cd muriatic. It is formed by adding one part of 

muriatic 
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muriatic add to two parts of nitric ; the formei? 
jittradls part of the oxygen of the latter, which is 
thus converted, partly into nitrous acid and part- 
ly into nitrous gas, while the muriatic becomes 
oxygenated. This decompofition, according to 
the remark of Vauquelin, is the effefl: of concur- 
ring affinities, of that of the muriatic acid to 
oxygen, and that of the nitric acid to nitrous gas. 
The compound produced is a mixture or combina- 
tion of oxygenated muriatic, and nitrous acids; 
and when faturated with an alkali or earth, afFordi 

the falts which thefe^ acids form. In its properties 
it refembles the oxygenated muriatic. It is ufed 
principally in the arts as the folvent of gold. 

SeR. II. — Fluoric Acid. 

Th IS is the fecond of the acids whofe compo* 
fition is unknown. It was difcovered by Scheele* 
Combined with lime, it forms a foffil, known to 
minieralogifts by the name of Fluor Spar, and 
hence it was named the Fluoric or Sparry Acid. 
To obtain it, one part of fulphuric acid is added 
to an equal weight of fluor fpar coarfely powder- 
ed, and a moderate heat applied : the fulphuric 
acid exerts a ftronger attradion to the lime ; the 

fluoric 
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fluoric is difengaged, and afTume^ the gafeou^ 
fonn. This gas is heavier than atmofj^heric air ; 
it has a pungent, fuffocatihg odour ; is incapable, 
of fupporting combuftion ; is abforbed by water, 
and pofieffes all the general properties of acids; 
The watery folution retains thefe properties, is 
cauftic, and when faturated emits White futnes. 

The diftinguifliing property of this acid is its 
power of diflblving fiUceous earth, whk:h refills the 
adion of every other acid. This eartb i# 4ifldV6d 
by it very rapidly, and is retained in a ftate rf 
combination, while it exifts in the ftate of gas ;— . 
but the contaft of water precipitates the whole or 
the greater part of it, forming a cruft, or precipi- 
tate, the-gas being abforbed. The faturated wa- 
tery folution of the acid is likewife capable of dif- 
folving the earth* From this property, leaden vef- 
fels muft be ufed in preparing and preferving it, 
filiceous earth being an ingredient of glafs. 

The adlion of this acid, either in the ftate of 
gas or combined with water, upon the inftamma- 
ble fubftances or upon the metals, is very inconfi- 
derable, as it cannot afford to them oxygen. 

It combines with the alkaUs and earths, form- 
ing falts, termed Fluats. They are generally de* 
liqucfcent, and not eafily cryftallized. They are 
decompofed by the fulphuric, nitric, and muriatic 

Uu acids 
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gcids i and the alkaline fiuats are alfo 'decompo£f>' 
cd T}y lime. They Q.A upon filiceous earth ; tha 
earth, alkali, and acid» forminj^ a triple compound; 
— Fluat of Potash is very foluble in water, and 
its folution may be evaporated to the conliftence 
dE a jelly, without obtaining any diftind cryftaL 
l^xation ; it is melted and decompofed by. heat. -r 
Fi-UAT or SopA has fimilar properties : it is rather 
lefs foluble in water, and decrepitates on expofure 
to a red heat.-r-FLUAX of Ammonia forms a gela- 
tinous fplution in water, which depofits fmall 
cryftals that are .deliquefcent : they are melted 
by heat, and fublimed with partial dccompofition. 



Se£l. III. — — BoRACic Acid, 

This is the laft of the undecorapofed acids. It 
ddes not exift in great quantity in nature. The 
combination of it with foda is a native produc- 
tion, dug in an impure ftate from the bottom of 
certain lakes in Thibet. When purified, it forms 
the borax of commerce ; and it is/fom this fait 
that the boracic acid is obtained. Any quantity 
of it is diflblved in hot water ; and fulphuric acid 
is added, till the folution has an acid tafle : as it 
cools, white fcales are depofited. Thefe are the 
boracic acid ; they are waftied with cold water, 

to 
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to carry, off any adhering fulphuric acid, or fuU 
phat of foda;,and are again cryftallized- It may ' 
likewife be obtained by fublimation, from 2 parts 
pf borax, I of fulphuric acid, and i of water, 

Boracic acid is in the form of brilliant white 
fcales, foft and fpmewhat unftuous to the touch* 
Its tafte is bittcrifh, with a flight degree of four- 
nefs ; it reddens the vegetable colours j is folublc 
in 20 parts of cold, and 5 of boiling water ; it is 
folublc in a]jkohol, which it caufes to burn, when 
kindled, with a green flame ; it is fufcd by heat 
into a perfedl glafs, without undergoing any o- 
ther change : it is not volatilifed by the moft in- 
tenfe heat; but if heated with water, is carried up 

m 

by its attraftion to the aqueous vapour. 

Boracic acid combines with the 4lkah& and fe- 
veral of thcj. earths, forming falts, termed Borats. 
Thefe communicate a green colour to the flame of 
alfcohol : they are decompofed by almofl: all the a- 
cids in the humid way ; but in the dry way, at a 
high temperature, the boracic acid is able from its ' 
fixity, to decompofe th^falts which feveral of thefe 
"acids form. It has a ftronger attradlion to the 
earths than to the alkalis. 

BoRAT OF Potash. — Its properties are little 
known. It has a tendency to attrad an excefs of 
5|lkali ; is foluble in water, affording, by flow eva- 

poration 
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poration, prifmatic cryftals, which are not chang- 
ed by expofure to the air. It is vitrified by heat. 

BoRAi or Soda. — This fait, when perfeftly 
neutral, cannot be 'cryftallized. When it has an 
excefs of alkali, it forms the borax of commerce, ■ 
which is a native production. The tafte of borax 
is cool, and fomewhat alkaline, and it changes 
the vegetable colours to a greei;i. It is folubk in 
12 parts of cold, and in 6 parts of boiling water : 
expofed to heat j it Undergoes the watery fufion ; 
and by a ftronger heat is. vitrified without deconi- 
pofitipn. According to Bergman, it confifts of 34 
parts of acid, 17 of foda, and 49 of water. 

BoRAT OF Ammonia can hardly be obtained 
in thp folid ftate ; as when ammonia is faturated 
with boracic *acid, on evaporating the folution, the 
greater part of the ammonia is expelled. By 
fpontaneous evaporation a fait has been obtained 
in fmall prifmatic cry ftals, having a fharp tafte, and 
changing the vegetable colqurs to a green, evi- 
dently containing, therefore, an excefs^ of alkali. 

Boracic. acid fcarcely swfts upon the metals, but 
may be combined with their oxyds. 
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